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APPLICATIONS OF FEEDER MECHANISMS... page 52 











CAR INTERIORS MUST BE DESIGNED SAFER NOW... page 20 


ENDURANCE DIAGRAMS SPEED FATIGUE ANALYSIS... 
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PICK A TERMINAL | ANY AMP TERMINAL 


fr) 


world’s finest 


reliability 


Teeth jarring circuit vibration a problem? How 


about searing temperatures, l1O00F plus? 
Maybe metal-eating salt spray or corona is your 


onl gene li @ial-taal-s-1b 


No matter what the problem is or where by 
specifying AMP, you can pick the exact solder- 
less terminal for your requirements from the 
broadest line on the market—whether you re 
juire the great production speed of an AMP 
Veh coleat-leralial-me) am dal-Me-jeal-}| eae lame elaeleie len di'ai Gane) | 
lam Vi'i i eam 0) d-1015-}10]aMmar-lalem cele) | 

In fact when you specify AMP, you pick the 
10] a -5-) aia dele) (Mme) Mmr-1 | Mm commorelal-1t-) (-10) Om elelalelcal ler]. 
circuit reliability. If you want a better way to 
fol-t-})-4aW- Tale maat-)alehi-[on dll a-m 2010) moll celelh ¢-eur-t-tale in ies 
the full story on AMP’s solderless termina 


| dlelam olde) -4¢-1e8) 
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GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada » England « France « Holland « Italy « Japan « West Germany 
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FEATURED: 


DEPARTMENTS: CAR INTERIORS MUST BE DESIGNED SAFER NOW ... J J Kelleher, B A Leerburger 

INTERESTING TO NOTE Here’s what safety experts urge, and list of needed improvements 
COMING NEXT WEEK 
Se WHICH DECISION-MAKING ELECTRICAL CONTROL? . . . E L Rudisil! 
DEVELOPMENTS TO WATCH 
FROM WASHINGTON 
THE ENGINEERING WEEK 
POINTS OF VIEW FEEDER MECHANISMS—APPLICATIONS . . . H Schaedler, G Marx 

READER TO EDITOR Guide to the basic hoppers and feeders 

MEETINGS 
FY! PERSONAL QUICKER DIAGRAMS ANALYZE STEEL FATIGUE. . . M D Creech 
HORIZONS 
PRODUCT DESIGN 
SIGNIFICANT COMPONENTS 
DESIGN LITERATURE 
REPRINTS 
ADVERTISERS INDEX 
READER SERVICE CARDS 


Today's choice is between electromechanical, magnetic, semiconductor. . 


Shortcut uses approximations suitable for most ductile steels 


COOLING HOT BRAKES... . T G Hicks 
There are two main methods; these nomographs supply design figures. . . 





FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


MATERIALS: 


MECHANICAL: New data on dent-resistance 
Conventional seals do unconventional obs 
Two-speed operation provided by new cam clutch 
Solid-state reversing drive for de shunt motors up to 3 hp 


ELECTRICAL: Electrical breakdown in vacuum is studied 
New solid-state devices promise broader operating range 
Transistorized page reader for data processing 
Solid-state memory responds to light beam 
Gas maser to rival radio waves 
Set of 3 control elements can be regrouped for various functions 


PRODUCT DESIGNS: Automated transcriber reads printed numbers 
Versatile vendor has push-pull access for servicing 


GENERAL: Cover story—module circuit panels designed by Radiation Inc 
Missile makers must economize or lose contracts 
Engineers to drill 6 miles underground 
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FILING on 
UAD-RINGS 








@ POSITIVE SEALING 
UNDER ALL CONDITIONS 
@ ELIMINATES ALL 
SPIRAL TWIST FAILURE 
>. @ FOUR FLEXIBLE 


y 


SEALING SURFACES 
@ LOW FRICTION INSTALLATION 
@ HIGH DENSITY INJECTION MOLDED 
@ RUBBER COMPOUNDS TO FIT 

» APPLICATION 


\ 
\ 











POSITIVE SEALING UNDER ALL CONDITIONS 
The MR QUAD-RING gives superior sealing in 
reciprocating, rotary, and static applications at 
pressures ranging from 0 on up. 

ELIMINATES ALL SPIRAL TWIST FAILURE —This 
costly cause of O-ring failure is eliminated be- 
cause the relatively square cross-section of the 
QUAD-RING will not roll, 

FOUR FLEXIBLE SEALING SURFACES—vgives 
double the sealing effectiveness of the O-ring be- 
cause of the exclusive seal design. It prevents 
leakage and requires less squeeze. 


Quad Rings are manufactured under U. 


FOR MORE INFORMATION AND 
COPY OF THE QUAD-RING APPLICATION 
AND INSTALLATION HANDBOOK ... 


WRITE ON YOUR LETTERHEAD FOR A FREE > 


, ¥, —— pe | “rr 
"MR FACTS FOR FILING” COVER. —_— 


OFFICES In: 





New York « Philadelphia « Cleveland « Buffalo « Detroit « Chicago « Milwaukee « St. Louls ¢ Denver « Houston * Los Angeles « Portland « Quad Cities + St. Joseph, Mich 


2 CIRCLE 2 ON READER SERVICE CARD 


LOW FRICTION INSTALLATION—is made possi- 
ble because of the exclusive quadrilateral design, 
This permits much higher rotary speeds and gives 
the seal much longer life. 

HIGH DENSITY INJECTION MOLDED —AI!l QUAD- 
RINGS are molded by MR’s exclusive injection 
molding process to give an exceedingly dense 
product. There are no voids to cause seal failure, 
RUBBER COMPOUNDS TO FIT APPLICATIONS 
MR compounds are designed to give the best 
possible service, using basic polymers such as 
natural or synthetic rubber, silicone or any other 
that will perform best under the specific conditions, 


S. patents RE 24332 and 2,873,132 


¢ 3630 WOODDALE AVENUE 
MINNESOTA 


DEPARTMENT 220 
MINNEAPOLIS 16, 


* Dallas 
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On our cover—Logic now 
comes in little black boxes 
—almost too many of them 
(see p 37). The module 
panels shown here were de- 
signed by Radiation Inc. 
Ihe company has recently 
developed complete te- 
lemetry data system com- 
posed almost entirely of 
small, encapsulated, solid- 
State units. (Design de- 
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tails on page 61.) With 
a multitude of companies 
all producing their own 
digital circuitry, it was 
only a matter of time before standardization entered the 


picture. 

Ever since Eli Whitney proved that repetitive manu- 
facturing, using interchangeable components, is the 
cheapest, most efficient way to produce products, industries 
in America and elsewhere have been duplicating his 
method. One of the earliest to follow the Whitney 
principle was a clock manufacturer in Connecticut, Eh 
Terry. It is not known if Terry knew Whitney, although 
both lived in the same state; but in 1807, Terry accepted 
an order for 4000 clocks. People were skeptical that 
such production could be met, but Terry proved other- 


wise, filling the order with ease. Crude lathes turned 
out small wooden wheels; gear-cutting machines cut teeth 
and a small group of workers assembled the standardized 
parts. Other clock-makers copied Terry’s methods, and 
within a quarter of. a century 100,000 clocks were being 
produced annually in Connecticut. 

These crude wooden clocks were sold door-to-door 
throughout the country by peddlers. The clocks were 
most inaccurate; some would stop altogether after a month 
or two in a humid climate. However, a hand-made, metal 
clock was a great luxury and usually not carried by traveling 
salesmen. 

In 1836, Chauncey Jerome, a former worker for 
Terry, hit upon an idea that would soon give him the 
entire clock market. If wooden clockworks could be 
stamped, why not brass wheels and gears? Stamping metal 
would be far quicker and cheaper than the current method 
of casting. Jerome tried it, and was successful. In time 
he was mass-producing one-day brass clocks, which sold for 
only $6, in competition with an inferior $10 wooden clock. 
By 1840, his retail price was down to $1.50, and he 
virtually controlled the market. 

Jerome not only knew clocks, he knew people. He was 
one of America’s first motivation engineers. In 1820, when 
he was faced with growing competition, he hit upon a 
simple, yet effective idea—mounting a mirror beside the 
clock’s face. Mirrors were rare in the early 19th century, 
so the idea of gazing into a looking glass and at the 
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same ¢ime learning the hour was exciting, and it gave sion. One story has it that after Gutenberg invented 
Jerome’s factory the lead in sales again. movable type and the method of casting it, he asked 
Johann Fust, a fellow goldsmith, for funds to finance his 

The Gutenberg Controversy idea. Fust is then supposed to have learned Gutenberg’s 
One of the most treasured books in the Library of technique, broken the partnership and set up his own 
Congress is a near-perfect edition of the Gutenberg Bible printing press with his son-in-law. A second story says 
printed on vellum. It is one of the four known existing the actual inventor of typography was Laurens Coster of 
copies. ‘The Gutenberg Bible is such a rare and important Haarlem. Supposedly, Coster confided in one of his 
publication that a New York printer is currently reproduc- employes, Gutenberg, who in turn absconded with the 
ing the book in limited edition for $1000 apiece. secret process. No matter how it started, printing has 
Printing had been known before the time of Johann advanced to the point where typesetting is done auto- 
Gutenberg, a goldsmith of Strassburg and Mainz generally matically, and in any case, typography is now advanced 
credited with inventing movable type; but it was generally to the degree that typesetters and printreaders (p 39) are 
limited in scope to works of art. automated. —Benedict A Leerburger Jr 


Just who actually invented typography is open to discus- 
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During the Christmas 
holidays, 8% of the stu- 
dents at Kent State 
Univ, Kent, Ohio re- 
ceived notices inform- 
ing them they had 
flunked out of school. 
Hurried calls to the 
dean followed and in 
time the university ad- 
— mitted a mistake had 
Early printing plant from Diderot’s Pictorial Encyclopedia been made. The cul- 
published during the 18th century. At left, one journey- prit: a calculator that had flipped a digit. The machine 
man spreads out a sheet of paper, while his companion inks was fed punched cards, one for each student per course, 
the type. A third journeyman is shown closing a press by then calculated the student’s final grade. Whatever went 


means of a screw, while a fourth workman has the double , | d 1 
job of inking the “balls” and proofreading the print as it wrong has now been repaired and the wronged students 


emerges from the press. are back at school. The machine? It flunked out! 



































NEXT WEEK IN PRODUCT ENGINEERING 


. What Beryllium Can Do for You 
Its high tensile strength and high elastic modulus challenge titanium and the 
ultrahigh-strength steels in strength-weight ratio. 


Feeder Mechanisms—Angular Motions 
How to use four-bar linkages to generate continuous or intermittant angular 
motions. 


Flexible Metal Tapes for High-speed Mechanisms 


Developed for operating precision mechanisms from a remote source, these tapes 
have high strength-weight ratio, good fatigue properties. 


. . Resonance-free Data From Your Transducer 


Local resonance in a transducer mounting or nearby panel can obscure the 
motion you’re trying to measure. This simple test will spot the difficulty. 


. Stop Galvanic Corrosion 


Five steps that will help, when two dissimilar metals touch in the presence of 
moisture. 
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Management is looking 
for men who can “Run the Show” 


The future was never brighter for men who have the knowledge, 
ability and desire to become administrative executives... 








by 


James M. Jenks 


Like the average football coach, 
some executives refuse to admit that 
next season’s “team” may be a win- 
ner; they’re eternally pessimistic when 
it comes to forecasting success. 

Unfortunately, many individual or- 
ganizations today have a legitimate 
cause for concern. It is a statistical 
fact that the incidence of business 
failures has always been discourag- 
ingly high. And the main reason for 
this—according to Dun & Bradstreet 


and other authorities—is a “Jack of 


managerial ability’’. 

Even the biggest companies are 
hard-pressed to find people capable 
of shouldering the diverse responsi- 
bilities of top-level management po- 
sitions. It’s easy enough, they say, to 
hire qualified specialists. But some- 
body has to coordinate the activities 
of all departments. Somebody has to 
“run the show”. 

And it is in this vital area of general 
administration that an acute shortage 
of able personnel exists. 


Industrial Expansion a Factor 

As one writer recently pointed out, 
“The rapid and extensive growth of 
industry has created a lost generation 
among young executives’. Under 
present “speed up” conditions, there 
simply hasn’t been time for these peo- 
ple to acquire broad, practical experi- 
ence in all phases of business. So, 
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quite naturally, theyspecialized inone. 

Their limitations become apparent 
only when they’re promoted out of 
the niche in which they have become 
experts, and are confronted with an 
entire set of unfamiliar business 
problems. 

It is then painfully obvious that— 
for the management man—there is no 
substitute for a well-rounded knowl- 
edge of the basic principles of busi- 
ness. For him, nothing can take the 
place of knowing how a business 
operates—how each department re- 
lates to the enterprise as a whole. 


The Modern Way to Acquire the 
Knowledge You Need to Succeed as 
an Executive 

Managing is an art. And, like any 
other art, it is based upon a science. 
Just as the art of surgery, for example, 
rests upon the science of anatomy, 
the art of management evolves from 
the science of business. It follows, 
therefore, that no man can get very 
far in business without having first 
mastered the “‘anatomy” of business 
—the principles on which it operates. 

For fifty consecutive years, the Alex- 
ander Hamilton Institute has spe- 
cialized in bringing this knowledge to 
mature men—at home in their Spare 
time. 


Free ... ‘Forging Ahead in Business’’ 
The Institute’s program is outlined 


in a 48-page booklet titled “Forging 
Ahead in Business”. 

It is a fascinating little book about 
how success is achieved in business 
... not through any magical formula, 
but by the application of a practical, 
time-tested plan which has been de- 
veloped over the years by a distin- 
guished group of academic and 
business leaders. We believe that it 
will help any man get down to bed- 
rock in his thinking; however, there’s 
no cost or obligation for it because 
—frankly—we’ve never been able to 
put a price on it that would reflect its 
true value. Some men have found a 
fortune in its pages. 

If you would like a complimentary 
copy of “Forging Ahead in Business”, 
simply fill out and return the coupon 
below. It will be mailed to you 
promptly. 

ALEXANDER HAMILTON INSTITUTE | 
| Dept. 295,71 West 23rd St., New York 10, N. Y. 


In Canada: 57 Bloor Street, W., Toronto, Ontario | 


| Please mail me, without cost, a copy of the 
48-page book— 


“FORGING AHEAD IN BUSINESS” 


Name 





Firm Name 





Business Address 





Position 





Home Address 
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New data on 


dent-resistance 

Thickness is more important than 
specific alloy composition in determin- 
ing the degree of dent-resistance, Dow 
Metal Products reports. Denting 
tests showed remarkable uniformity 
in depth of dent for comparable thick- 
nesses of aluminum, magnesium, and 
mild steel, with the latter generally 
falling between the first two. 

With a denting load of 22 ft-lb, 
0.040-in. samples of all three metals 
showed depressions in the 0.15 to 
0.20-in. range. Over-all, the best per 
formance was turned in by AZ31B- 
H24 magnesium and 2024-T3 alu- 
minum, with  3003-H-14  alumi- 
num making the relatively poorest 
showing. Dow points out proudly, 
though, that on an equal-weight basis 
the light-metal alloys all did better 
than steel. 

The tests, using a cvlindrical dent- 
ing device falling on a square sheet 
supported in a frame, are part of a 
continuing study aimed at developing 
new design data. 


Electrical breakdown 


in vacuum studied 

What causes electrical breakdown 
in high vacuum? There seems to be 
no clear, generally accepted scien- 
tific explanation, says R. P. Little of 
Naval Research Lab. 

About 8 months ago, NRL began 
a major study of the problem, and first 
reports indicate that it is indeed 
complex. So many variables may en- 
ter the picture: electrode spacing and 
geometry, frequency and waveform of 
the applied voltage, surface condition 
of the electrodes, impedance of the 
voltage source, and tube pressure. 

NRL is tackling them one by one, 
starting with tube pressure. This 
seems to be a relatively unimportant 
factor. Savs Little: “there is more 
variation from tube to tube than with 
tube pressure. Experience to date has 
shown at least a two-to-one variation 
in voltage breakdown from tube to 
tube in spite of using the best of stand- 
ard processing and cleaning tech- 
niques.” 

Surface condition and composition 


of the electrodes will probably turn 
out to be considerably more impor- 
tant. They’re under test now. 


Conventional seals do 


unconventional jobs 

Plastics and elastomers can be used 
for low-temperature (cryogenic) seals 
if flanges are designed to complement 
the properties of the specific material, 
the NBS Cryogenic Engineering Lab- 
oratory reports. ‘Tongue-and-groove 
flanges are best for rubber O-rings; 
while a flat surface working against a 
machined ring of semicircular cross- 
section (placing a relatively small area 
of the gasket under compression) is 
best for thin plastic gaskets. In both 
cases, the NBS researchers say, final 
thickness of the seal should be held 
to a minimum to avoid shrinkage prob- 
lems; and localized compression should 
be high to build the restoring forces 
within the seal. 

In a recent communication to the 
Review of Scientific Instruments, the 
lab says effective seals have been made 
this way with natural, nitrile, and 
fluorocarbon rubbers, and Mylar poly- 
ester and nylon plastics. 


Briefing the Soviet record 
Thermal conductivity of ceramics de- 


creases in a vacuum—more at low 
temperatures than at high—Ukranian 
researchers report. The reason, they 
theorize: vacuum conditions remove 
the air in pores and pockets that nor- 
mally contributes to thermal conduc- 
tivity. The temperature differential 
probably results from radiative heat- 
transfer, which becomes a significant 
factor in the 1800-F range. A report 
appeared in the USSR Engineering: 
Physics journal, #10, 1960. 


Elastic properties of binary nickel al- 
loys are reported by metallurgist T. Y. 
Beniveva in the Ukranian Physical 
Journal. Chromium and molybde- 
num (in amounts from approximately 
5 to 20% for Mo and 9 to 26% for 
Cr) raise the modulus of elasticity, 
while titanium (4 to 10%) and alu- 
minum (0.5 to 2.5%) have negligible 
effect. He also notes that, for the 
alloys studied, the temperature factor 


of the modulus of elasticity can be 
roughly determined on the basis of 
the alloy’s thermal expansion. 


Plastic turbodrills are under test in 
the Soviet Union. Prototype models 
were molded of nylon, but moisture 
absorption created some difficulties. 
Now, polypropylene units are planned. 
The Soviets expect the plastic turbine 
parts will be easier to make and more 
resistant to wear than the cast-steel 
units previously used. 


Boundary-layer injection of hot gas 
can help boost ship speed, just as it 
may aid aircraft (PE—Oct 17 ’60, p 
9), Soviet engineers say. In the case 
of ships, the “gas” is made in place, 
by heating the surrounding water with 
high-temperature exhaust gas, led by 
pipes from the turbine to the ship’s 
bow. The heat makes the water boil, 
enveloping the hull with an envelope 
of steam which acts as a friction-te- 
ducing lubricant. 


New storm-warning devices can be de- 
veloped that work on the basis of 
lightning-induced changes in electro- 
static fields of thick cumulus and 
thunderclouds, says Soviet scientist 
I. M. Imyanitov. He’s designing an 
aircraft instrument to measure changes 
in cloud electrostatic-field intensity 
and determine the differences among 
the various types of cloud formations. 


Heat emission from copper wires is 
strongly dependent on wire diameter, 
the Institute of Heat and Power Engi- 
neering of the Soviet Academy of Sci- 
ences reports. Emission from 0.02 mm 
wire is nearly 5 times as great as that 
from 0.2 mm samples. The reason: the 
shape and thickness of the boundary 
layer between the air mass and the 
wire are both affected by wire size. 
To make the tests, the Soviets used 
an aerodynamic pipe, with a single 
wire passing through its center. Rate 
of airflow through the pipe was varied 
from about 18 to 75 ft/sec, ard air 
temperature from about 58 to 65 F. 
The copper wires themselves were 
heated electrically to various points 
between 100 and 300 F. 

A report on the study, by O. O. 
Kremnov and V. R. Borovsky, ap- 
peared in the Akademiya nauk publi- 
cation Dopovidi, #6, 1960. —-ARG 
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Application tested! Proved! 


WHY HEAT TREAT 
PARTS? use 450 


elevated temperature drawing (150,000 psi tensile) 


ALLOY STEEL BARS 


& 150 Alloy needs no heat treating! 


€&®} 150 Alloy has 150,000 psi tensile guaranteed! 
(Rockwell C32 minimum) 


& 150 Alloy machines better than heat treated 
alloy steels! 


Here are cost-reducing advantages 


(1) Heat treating problems, costs (and secondary operations) are 
eliminated. (2) “e.t.d.”’ 150 machines better than heat treated in-the- 
bar alloy steels. (3) Tool life and finish are excellent. (4) No quench 
cracks or distortion from heat treatment. (5) “e.t.d.” 150 has excep- 
tional strength and hardness uniformity across the bar. (6) End 
cost of parts is greatly reduced. 





Use this coupon to request Helpful Data Bulletin 22. 


Salle Manufacturers of 
STRESSPROOF®, FATIGUE-PROOF®, 
a STEEL CO. 


and a complete line of 
1430 150th St., Hammond, Ind. cold-finished steel bars. 
Name 
_, ees 
Company_ 
Address____ 


City nevsinmennensill State__ — 
Available from your Steel Service Center 





DEVELOPMENTS TO WATCH... 


Fewer sizes for flat-ground steel? 


The number of standard stock sizes of flat-ground tool steel will be cut more than 50% 
if a Simplified Practice Recommendation now being circulated goes into effect. 
Prepared by the Commodity Standards Div, Dept of Commerce, at the request of the 
American Ground Flat Stock Association, the new system will reduce the number of 
stock sizes from 716 to 332, and specify widths and tolerances in the ¢x-in. to 4-in.- 
thickness range. Sheet less than 14 in. thick is to be held to a tolerance of +0.001 in.; 
heavier gages, to +0.002 in. Width tolerance is +0.005 in. (no minus tolerance). 
Copies of the proposal may be obtained from CSD, Washington 25, D.C. 


New solid-state devices promise broader operating range 


Diodes and triodes with lower noise and wider frequency and temperature ranges can be 
produced via electron injection into insulating crystals, G. T. Wright of the Universit) 
of Birmingham (England) reports. The result is a conductive insulator which is the 
solid-state analog of an electrical current flowing in a vacuum. Similar thermionic 
analogs can also be developed, he believes, via the same injection route. 

As he describes the new “‘space-charge-limited” devices, they consist of a flat insulating 
crystal (gallium arsenide, aluminum antimonide, gallium sulfide) with anode and cathode 
attached to opposite faces. The cathode is able to inject electrons, but the anode is 
not. When a forward voltage is applied, the current increases as the square of the 
applied voltage; while current is negligible when voltage reverses. 

Such SCL devices, Wright says, have much smaller input capacitance than conven- 
tional diffusion-limited semiconductors, have very short transit times, and are “inherently 
suited to higher-frequency applications.” 

The research is still in its early stages, Wright emphasizes; but it looks very promising, 
and a paper summarizing work to date is being prepared for presentation at the Inter- 
national Solid State Circuits Conference later this month. 


Two-speed operation provided by new cam clutch 





ities pulley A clutch that makes it possible 


to connect two drivers or two 
driven pulleys—one high and one 
low speed—to a single mechan- 
ism without springs or ratchets 
Low-speed pulley J is designed by R G Whitaker 
| Ltd of Surrey, England. 

The clutch consists of two 


am surlace 








Freewheel position rotary members (see diagrams), 


Outer member driving so arranged that the outer (fol- 
Inner member stationery 








lower) member acts on its pul- 





ley only when the inner member 
q is driving. When the outer 
member is driving, the inner 


member idles. First application 





Cam follower is in a dry-cleaning machine 
Sleeve bearing SS where the clutch is used as an 


intermediate between an ordi- 
Driving position nary and a high-speed motor to 


Inner member driving provide two output speeds that 
Outer member driven are used alternately. 

















CAM-OPERATED CLUTCH features dual drive. With one belt 
from slow-speed motor to inner member (750 rpm, reduced to 
310 rpm), and the other driven direct from 3000-rpm high- 
speed motor, an alternating two-speed system can be set up. 
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Another resin system shows promise for metal-to-metal bonding 


Epoxy-nylon resins are showing considerable promise as adhesives for metal-to-metal 
sandwiches, Frank J. Riel of Narmco Industries reports. As yet, they've had only 
limited commercial application, but tests indicate they have excellent physical properties 
and offer “exceptional ease of fabrication.” Present systems are useful over the —400 
to +200-F range, on titanium as well as aluminum and magnesium. Tensile shear 
strengths in excess of 5000 psi have been recorded for titanium bonds, and bond strength 
on aluminum rises from 4000 psi at —400 F to more than 6000 psi at room 
temperature. It drops off fairly rapidly above that point; but is still about 3000 psi 
(nearly 5000 for zs-in. sheet with a 4-in. overlap) at 200 F. 

At the Society of Plastics Engineers annual meeting, Riel predicted that laboratory 
work now in progress will produce combinations capable of operating at even higher 
strength levels and over still wider temperature ranges—a prediction already being 
borne out, a recent Sandia Corp survey indicates. N. J. deLollis of Sandia notes 
tensile shear strengths in excess of 4000 psi for nylon-epoxy adhesives held at 350 F 
for 2 hr; and well above 5000 psi for the —65 to +160-F range. Furthermore, they 
seem almost unaffected by salt spray, showing tensile shear strengths of 4500 to 5000 
psi after 50 hours. Long-term (20-day) exposure to high humidity does, however, 
seem to reduce strength considerably—to the 2000-psi range. 


Charred plastics: new structural family? 


Reinforced organic materials, carbonized under controlled conditions, will retain a sur- 
prising degree of their original strength and maintain their original configuration, 
Chance Vought researchers report. 

B. A. Forcht and M. J. Rudick of CVA told the American Rocket Society that such 
charred materials can serve at temperatures of 1000 F or more, for limited time periods 
at least. 

Combinations of phenolic and furfural resins with glass, quartz, and graphite cloth 
are now under test in honeycombs and rocket-motor components. The CVA research 
group believes it will be possible to tailor the thermal, physical and mechanical prop- 
erties of these materials to meet a wide variety of requirements. 


New instrument gives remote measurement of tube thickness 


An eccentricity-gaging system that uses the metal wall of the tube being measured as 
a screen between two coils that form a current transformer has been designed at Tube 
Investments Ltd, England. 

As the diagram shows, two pairs of coils are used. As long as the thickness at the 
two sides of the tube remains constant, the circuit stays in balance. Any eccentricity, 
however, will unbalance the circuit, providing an output signal to a meter calibrated for 
direct reading. 

B. E. Noltingk of Tube Investments points out that the system is much simpler than 
ultrasonic and radioisotope gaging, and more adaptable to moving materials than mag- 
netic systems. Furthermore, the system can be applied to nonferrous as well as ferrous 
metals; and, using a flexible rod to carry the internal coils, to tubing of almost any 


size and length. —ARG 
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TUBE THICKNESS controls output of transformer circuits, so variations between the 
two areas being monitored provide a measurable output signal that indicates eccen- 
tricity. As chart shows, signal attenuation varies almost linearly with tube thickness 
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® For example, ““Mylar’’* polyester 

Tough, durable Mylar film gives many products extra 
resistance to heat, cold and aging 

. . . lengthens their life. Today, 


cuts costs eee improves “‘Mylar’’, with its resistance to 


chemicals and moisture, is improv- 


product performance ing the performance of products 
as different as surgical bandages 
and intercontinental ballistic 
missiles. 
Can this unique plastic film and 
products made with it help you? 
Formoreinformationon “Mylar”, 
write the Du Pont Co., Film Dept., 
Room S-8, Wilmington 98, Del. 


806. us. pat OFF 


: ' Better Things for Better Living ... through Chemistry 
nS *% ; DU PONT 

1. Huge (100 ft. diam.) in- 2. Permanent collar stays of 3. Capacitors with insulation ; 

flatable satellite of metalized “Mylar” last the life of the of ‘“Mylar” give long-lasting 

““Mylar”’ stays strong and flex- shirt keep their shape eve eliabili 

; ; F ‘ bint shapeeven reliability ... need for costly 

ible in sub-zero outer space. after hundreds of launderings. encapsulation is eliminated. POLYESTER rim 


10 CIRCLE 10 ON READER SERVICE CARD PRODUCT ENGINEERING - FEBRUARY 13, 1961 








When selecting roller bearing pillow blocks, remember 


it's what’s inside 
that counts! 


MAXIMUM SIZE AND NUMBER 
OF ROLLERS for highest 
Capacity 


MELE 


CENTRIFUGALLY CAST, 
PRECISION MACHINED 
BRONZE RETAINERS 
for smooth, quiet operation 


HIGH, HEAVY INNER RING 
FLANGES for ease of 
installation and removal 





SERIES 6800, 6900, 7800, 7900 have 
exceptionally rugged, two piece hous- 
ings—machined as two perfectly 
matched parts providing easy instal- 
lation. 


AND INSIDE LINK-BELT ROLLER BEAR- 
ING BLOCKS you'll find Link-Belt’s 
new spherical roller bearings . . . 
with big, mirror-smooth, highest 
capacity rollers; centrifugally cast, 
precision machined bronze retainers; 
heavy, broad-shouldered inner rings. 
All the best features of modern bear- 
ing design compactly unitized for 
utmost economy and long service 
life. 

Link-Belt spherical roller bearing 
pillow blocks are self-aligning. Avail- 


able in adapter mounting and direct- 
shaft mounting types for shafts from 
1%6” to 12”. Choice of two effective 
seals: all-purpose steel, multi-laby- 
rinth seals, or Dacron-contact seals. 

For full details, 
call your nearest 
Link-Belt office. 
Look under BEAR- 
INGS in the yellow 
pages of your tele- 
phone directory. Ask 
for Book 2760. 


LIK BEL 
~~ 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Serve Industry There Are Link-Bele Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney) Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs. Representatives 

Throughout the World. 15,4144 
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Missile makers told to swing the economy ax or lose contracts 
The squeeze has been put on defense contractors to cut prices on missile con- 
tracts or lose them. The order applies to production-line models of missiles 
already developed, not to R & D contracts. One firm, the Martin Co, says it 
called together subcontractors in December and told them to come up with a 
30% cost reduction on components going into its Bullpup missile. 

Several suppliers have already come up with 15 to 20% cost reductions, with no 
change in components supplied. And Martin expects a similar reaction from vir- 
tually all of its subcontractors on that missile. In all, Martin says it has reduced 
the production costs of Bullpup some 50% or more in the two years this missile 
has been in production. But Martin won't release specific figures. 

The company pegs the lower production-cost figures to better management and 
engineering methods. For example, changes in Bullpup are only made on a once- 
a-year basis, rather than being phased in as they are developed. Also, production 
of Bullpup is now done on a no-test basis. This alone, the company says, allowed 
a $6.7-million saving in test equipment. Reliability of the missile is reported to 
run from 90 to 95%, well above specifications of slightly over 80% 

Dropping to simple components has saved money too. The company says it 
went from an electric-driven gyro to a spring-w ound type and saved about $700 
per missile. Now it is considering shifting from the spring-wound gyro to a gas- 
driven one for still more savings. 

It is a good example of what contractors are doing to hang on to defense con- 
tracts with a growing dollar pinch. As one Pentagon source puts it, “When a 
prime can squeeze costs down 10 to 15% with no changes in equipment, maybe 
the price was too high in the first place.” 


Transistorized commercial reader will scan by the page 
The world’s first alphanumeric, transistorized, commercial page-reader for data 
processing is now in production. It was developed by a Washington firm, Intelli- 
gent Machines Research Corp, which is a Farrington Mfg Co subsidiary. 

The reader scans a page at a time, then translates the information to paper tape 
at the rate of 240 characters per sec. Previous scanners have worked on a line-by- 
line basis rather than full pages, the developers say. 

An unconfirmed report is that Western Union has already contracted for two of 
the machines. Reportedly, they will be used for over-the-phone telegrams. Tele- 
phone operators type incoming messages, then merely put the typewritten message 
in the scanner where it is processed and transmitted. 


Now fear fresh-water crisis in 10 years 
Efforts to make salt water usable must be stepped up on all fronts if the US is to 
avert a water-shortage crisis in the next 10 years, says the staff of the House Com- 
mittee on Science and Astronautics. Pres Kennedy expressed the same view in his 
State of the Union message. The study pushes ahead the date when the US may 
have to turn to saline-water conversion—from 1980 to 1970 

Better methods of fresh-water conservation and re-use are called for, but these 
may not be sufficient without the development of a variety of practical saline-con- 
version methods, the study says. 

State and local efforts should be stepped up so that conversion methods can be 
tailored to local needs, and the federal program should be geared to keep track of 
all basic research, the report says. Greater conflict between public and private 
efforts may develop as large-scale processes become more necessary, it warns. 

The report finds foreign efforts in conversion spotty, and says that by offering prac- 
tical conversion methods to arid, underdeveloped nations, US prestige will benefit. 
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Scientists now have high hopes of tapping the Moho— 
a layer of our earth as mysterious as space was a few 
years ago. First step in the venture will be taken next 


Pc. 2 


Engineers Strike Toward a New Frontier 


Wasuincton—One of the great engi- 
neering experiments of all time will 
get underway in February near Guada- 
lupe Island, off the coast of Mexico. 
There, the first in a series of deep- 
water drillings, which will eventually 
culminate in a 6-mi probe into the 
earth’s mantle, will be undertaken. 

The test drillings are part of the 
Mohole project, whose scientific ob- 
jective is to learn something about 
the composition and physical prop- 
erties of the mantle—a 3000-mi thick 
layer of material that begins beneath 
the earth’s crust and comprises about 
84% of the earth’s volume. The 
project is jointly sponsored by the 
National Academy of Sciences (NAS) 
and the National Science Foundation 
(NSF) through a group known as the 
AMSOC Committee. 

Though Mohole is scientific in ob- 
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jective, the equipment needed to carry 
it out raises formidable engineering 
design problems. The probing will 
penetrate far deeper than any yet tried 
by man. Today’s most advanced off- 
shore drilling equipment operates in 
about 360 ft of water from an an- 
chored vessel, and bores down about 
10,000 ft. The deepest land well has 
hit 25,240 feet. In contrast, Mohole 
equipment will operate in water up to 
15,000 ft deep, and drill another 
18,000 ft for a total probing of about 
33,000 ft. The mantle will be ap- 
proached from the sea because the 
overlying crust and sedimentary layers 
there may be as thin as 2 or 3 miles, 
but thicken to 15 or 20 miles beneath 
the continental mass. 

For the past two years, an engineer- 
ing group directed by Willard Bascom 
of NAS has intensively studied the 


a 
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month when this barge for deep-water drilling under- 
goes tests in 12,000 ft of water. These tests will pro- 
vide data for designing more advanced equipment as... 


capability of existing drilling equip- 
ment and the modifications required 
in view of the engineering problems 
encountered when drilling in 15,000 
ft of open sea. From these studies, the 
group has designed equipment and 
new drilling techniques that will be 
tested in the Guadalupe experiment. 
The experiment is also expected to 
yield data suggesting further modifica- 
tions for deeper holes to follow. 

The actual Guadalupe hole will be 
sunk in 12,000 ft of water. NSF 
has contracted with Global Marine 
Exploration Co, Los Angeles, to do 
the drilling from the company’s barge, 
the CUSS I. The barge must undergo 
modifications for the venture; when 
ready, it will rack some 13,500 feet 
of drill pipe. This pipe will be sus- 
pended from a 98-ft derrick through 

continued on page 15 
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For Consistent 
Accuracy... 





Specify 
ALLEN-BRADLEY 
TIME DELAY RELAYS 


For maximum production, high-speed automatic proc- 
esses demand that the required operations “‘start’’ and 
“‘stop”’ at the correct instant, time after time—without 
variation. For consistent accuracy and trouble free 
operation, no timing relay on the market can equal the 
performance of A-B Bulletin 849 pneumatic timers. 
The delay period can be varied from 1/20 of a second 
to 3 minutes, and the setting will hold with an accu- 
racy of + 10%. Conversion from ON-DELAY to OFF- 
DELAY (or vice versa) is simple—no adjustment is 
necessary. Like all A-B control, these quality timers 
have maintenance free, double break, silver contacts. 
The two sets of contacts—one N.O. and one N.c.—are 
electrically independent, for greater control flexibility. 
Also, auxiliary contacts can be easily added. 

To make certain of a completely satisfactory elec- 
trical installation, specify Allen-Bradley ‘‘quality 
motor control’’—in addition to the Bulletin 849 pneu- 
matic timing relays. Write for details, today. 














A few of the varieties of 
A-B pneumatic timers 


Single operation Dual operation Compound operation 
time delay relay time delay relay time delay relay 


Allen-Bradley makes a broad line 


of timing relays to satisfy all 


j BULLETIN 848 BULLETIN 852 BULLETIN 850 
automatic processes. Fluid Dashpot Electronic Motor Driven 
Timing Relay Timing Relay Process Timer 


ALLEN-BRADLEY i" 


Allen-Bradley Co., 1329 S. First St., Milwaukee 4, Wis. + In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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continued from page 13 

the floor of the barge to the ocean 
floor. During drilling, a rotary table, 
driven by an engine on the barge, will 
rotate the pipe. 

In preliminary engineering studies, 
Bascom’s group calculated the theo- 
retical axial and bending forces acting 
on the drill pipe because of its rota- 
tion, ship movements and ocean cur- 
rents (see diagram). Bending forces, 
it was found, would be particularly 
severe unless controlled by modifica- 
tions to the ship; for example, a guide 
shoe to prevent bending of the drill 
pipe at the derrick floor when the 
barge rolls. 

This guide shoe is like a curved 
funnel about 40 ft long, which opens 
downward from just under the rotary 
table to a point about 10 ft under- 
water. When the barge rolls, the drill 
pipe is pressed against the side of the 
funnel; this distributes the bending 
load along the funnel instead of allow- 
ing it to concentrate at the rotary 
table. The guide is designed to pro- 
tect pipe even though the ship rolls 
as much as 6°, though that much is 
not expected. 

The heaving—up and down motion 

of the barge poses another problem. 








| 











RING OF BUOYS with sonar and 
radar equipment transmits signals to 
the CUSS control console, keeping 
pilot informed of his relative position 
over a block of sea. “he buoys, which 
posed one of the most difficult engi- 
neering problems, must be held in a 
nearly fixed position to ensure ac- 
curate information. Shaped somewhat 
like a lens, the buoys are connected to 
anchors with 7/32-in. steel wire. This 
wire is subjected to 3500-lb tension, 
and is thin to minimize surface ex- 
posed to ocean currents. Underwater 
buoys will drift no more than 40 ft 
from vertical in 12,000 ft of water; 
surface buoys, subject to wind and 
waves, will drift about 100 ft. 
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Under certain conditions, frequency 
of this vertical motion could coincide 
with natural frequency of the pipe, 
giving a resonant condition that coukl 
create compression waves _ strong 
enough to break the pipe in two. If 
necessary, damping disks will be added 
to the pipe to nullify compression 
waves. 

Flexibility of the pipe will permit 
the ship considerable freedom of 
lateral .2ovement. During drilling it 
can move 600 ft away from vertical 
over the drill hole; if the pipe is not 
rotating the ship can move as much 
as 1000 ft away. Normally, the CUSS 
is held in place by anchors during 
drilling but anchoring is not consid- 
ered feasible with 12,000 ft of pipe in 
open sea. Instead, the barge will be re- 
strained by a pilot using sonar anc 
radar to sense his position and maneu 
ver his vessel into place with four 
steerable 200-hp outboard motors. 


SONAR, RADAR POSITION RIG 


This system, in effect, separates the 
two functions of an anchor. An an- 
chor tells the ship where it is, and 
holds it in place. The position of the 
barge will be determined by its rela- 
tive distance from a circle of buoys 
which will be anchored to the ocean 
bottom and held several hundred feet 
below the surface by taut lines. The 
buoys (oval in profile and circular in 
plan view), will be equipped with 
sonar transponders which answer 
signals from the ship, telling the pilot 
his relative distance from each buoy. 
The pilot then regulates thrust of the 
four directional motors to keep the 
barge within the safe range. 

The drill pipe will be made up of 
four grades of alloy steel, ranging in 
yield strength from 105,000 to 80,000 
psi. The stronger, heavier pipe will 
be placed at top. Succeeding sections 
will diminish in strength by steps 
down the length of pipe. The drill 
pipe will be flexible, somewhat 
analogous to a piece of spaghetti. It 
will be held in place at bottom by a 
set of drill collars—thick-walled 
pieces of pipe that will pull down 
with about 30,000-Ib force. The drill- 
ing fluid will be salt water. No cor- 
rosion problems are anticipated. 

One of the questions expected to be 
answered at the Guadalupe drillings 
is the speed at which the drill pipe 
can be safely rotated without the 
restraint of hole walls. Rotation may 
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surface caused 
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VARIETY OF FORCES act on the drill 
pipe. Wind and waves—which rock, 
roll and push the ship about laterally 

combine with currents to bend the drill 
pipe. In addition, pipe rotation and 
heaving of the ship add axial loading. 


set spiral waves in motion, and these 
waves will determine max drilling 
speed. Bascom expects rotation speeds 
of 30 rpm will be safe, though experi- 
ments indicate that the pipe will 
survive as much as 60 rpm. Diamond 
bits will do the drilling. Once a bit 
wears out, the hole must be aban 
doned, for there is no way of reenter 
ing the hole after the drill pipe is 
removed. 

The first holes at Guadalupe will 
be primarily engineering tests, but an 
attempt will be made to get as much 
scientific information as possible. One 
of the holes will be logged for a 
variety of data by scientific instru- 
ments; another will yield cores in 
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PILOT TENDING CONTROL CONSOLE manipulates switch at center panel 


to govern thrust of his directional outboard motors. 


He notes his position 


from radar or sonar panel. A radar buoy and auxiliary vessel for measuring 
ocean currents are visible through pilot-house windows. 


tended to provide the scientific data. 

For actual studies of the mantle, 
one of the most important measure- 
ments will be its density and elasticity 
as determined by the velocity of the 
compression waves moving through 
it. Compression-wave velocity is now 
measured in various ways. For ex- 
ample, geophone receivers might be 
placed at, say, 100-ft vertical intervals 
along their cable. An explosion is set 
off at the surface, and the speed of 
compression waves is determined by 
the speed at which sound travels from 
one phone to another. 

Density is generally measured by 
a gamma-gamma log. This instrument 
radiates gamma rays and measures the 
amount back-scattered by the sur- 
rounding rock, giving information on 
density. 

A number of other measurements 
will be especially pertinent for study- 
ing the sedimentary and crustal layers 
lying closer to the surface of the 
mantle. These include radioactivity, 
thermal conductivity, thermal gradi- 
ent for heat flow, the strength of the 
earth’s magnetic field—also certain 
electrical measurements such as induc- 
tion and spontaneous potential. 

Instruments for the project’s experi- 
mental phase will have to be compact 
enough to slip through the 34-in.-dia 
opening at the end of the drill pipe. 
Later on, at depths reached when 
drilling the Mohole itself, they will 
have to be capable of operating at 
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temperatures from 300 to 400 F. 

Operations at sea will raise certain 
problems with measurements as well 
as drilling. The ship’s vertical motion, 
for example, will make it difficult to 
know precisely how deep the hole is. 
A possible solution, suggested by Dr 
McLelland of the AMSOC staff, pre- 
scribes a sort of negative feedback 
from an accelerometer to the cable. 

The instrument cable, suspended on 
a winch, will pass over a wheel and 
down the drill pipe. In the McLelland 
proposal, an accelerometer would pass 
over another wheel and hang in space, 
moving up and down with the ship. 
A reading from the accelerometer 
would be amplified and this signal 
would activate a pneumatic or hydrau- 
lic piston attached to the instrument 
cable, raising or lowering the instru- 
ment package according to ship mo- 
tion to maintain the package at a 
specified depth. 

The Guadalupe experiments will 
first test the theoretical engineering 
studies by Bascom and his group. If 
all goes well, the Mohole project will 
then move in two directions. On the 
one hand, a number of additional 
holes will be drilled for their scientific 
and engineering information. Simul- 
taneously, an entirely new ship, capa- 
ble of drilling into the mantle, will be 
designed. The vessel for drilling the 
Mohole is expected to be radically 
different from the CUSS I, which 
soon ventures into the depths. . 


New Solid-state Memory 
Responds to a Light Beam 


New Yorx—A light beam writing on 
a charged plate may be the next step 
in ultrafast computer memories, ac- 
cording to Professors Harmut Kallman 
and J. Rennert of New York Univer- 
sity. Working under contract from 
the Office of Naval Research, they 
have developed a solid-state device 
based on the phenomenon of “per- 
sistent internal polarization.” It prom- 
ises to cut “read” and “write” time 
for computer memories to 0.5 micro- 
sec—about twice the speed of present 
devices—and also has potential in 
fields of photography and energy stor- 
age. 

The new storage medium works like 
a reusable photographic plate—except 
that images are recorded electronically 
rather than chemically. Structurally, 
it is a sandwich with two transparent, 
conducting plates compressing a filler 
of zinc and cadmium sulphide. A 
voltage applied across the plates will 
charge the photoconducting material, 
causing it to become “polarized”— 
positively charged particles migrate 
to one surface of the filler material and 
negatively charged particles to the 
other. It will retain this charge almost 
indefinitely (laboratory samples have 
held a charge for two months) even if 
the electrodes are shorted together. 
The charge is released by exposing 
the material to light (thus its simi- 
larity to a photographic plate): when 
an image falls on the charged plate, 
polarization is neutralized whenever 
light strikes. 

As a memory device it would work 
this way: The material is first polarized 
(it takes about 15 sec with potential 
of about 300 v, but shorter times are 
possible with higher voltages); then 
the information to be stored is “writ- 
ten” on the plate with a flying-spot 
light source, the spot being turned on 
only in those places where information 
is to be stored. (The experimenters 
claim a max storage capacity of about 
10° bits per cm*—roughly an order of 
magnitude less than today’s best mem- 
ories—their experimental units will 
store only about 10* bits per cm*.) 

Once the information is stored, it 
can be retrieved by scanning the en- 
tire plate with a uniformly intense 
spot of light from the same flying- 
spot light source. When light strikes 
spots where information is_ stored, 
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there will be no output because the 
charge had already been neutralized. 
But when light strikes places not pre- 
viously exposed, the plate gives up its 
stored energy as the charge is neu- 
tralized. Because the photoconductor 
plate has only two output terminals, 
the location of the charged and un- 
charged areas is determined from the 
position of the light beam produced 
by the flying-spot scanner. Informa- 
tion must be destroyed to be read out 
so it must be written back in, as with 
magnetic-core memories, if the stored 
data is to be detained. 

The principle of “persistent internal 
polarization” has other potential ap- 
plications. For example, it could be 
used to print photographs by a proc- 
ess similar to xerography. A sheet of 
paper would be placed over a previ- 
ously charged and exposed plate. 
When charged particles were dusted 
over the paper, they would cling to 
those places where the polarization 
had not been broken down and a per- 
manent image would be formed. And 
because the amount of neutralization 
is proportional to light intensity, con- 
tinuous-tone prints are possible. 

Other possible uses are in infrared 
photography (the material is sensitive 
to 25,000-angstrom light; the best in- 
frared films are good only to 13,000 
angstroms); and as a battery that re- 
leases energy on exposure to light. 
The experimental physicist will use 
the phenomena to discover the loca- 
tion of charges in samples—still one 
of the most challenging problems 
thwarting further investigation of in- 
ternal and surface affects in semicon- 


ductors. —C. J. Lynch 


Taxi to Be British Diesel 
in Russian Body 


Lonpon—The Belgians, looking for 
a cheap taxicab, have apparently; 
found the answer—a British diesel 
engine inside a Russian body. The 
hybrid cab will use the 6-seat Volga, 
slightly modified by the Italian de- 
signer, Ghia, and an engine made by 
Perkins of Peterborough. It will be 
assembled by Beherman-Demohen in 
Belgium. 

Negotiations with the Soviets for 
the proposed cab are believed in final 
stages. If successful, the vehicle may 
be marketed in Iron Curtain coun- 
tries as well as Western Europe. . 
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Tamper-proof Closure Uses Plastic Springs 


Home and industrial accidents caused by loose and unlocked caps may be a 
thing of the past following invention of this safety cap. It consists of a high- 
density polyethylene outer cap and an inner cap of acrylonitrile copolymer— 
a special styrene compound—both developed by Union Carbide Plastics Co. The 
inner cap fits snugly into the outer shell. The high-impact-strength styrene 
is used to keep the spring operative over a long period, to keep spring from 
snapping during hopper-feeder assembly, and for inertness. Outer and inner 
cap are shown at left and the assembled unit in center. Pressing down on 
cap against spring engages cogs and permits cap to be unscrewed. If insuffi- 
cient force is exerted, or the cap is not pushed down and turned simultaneously, 
the cap just spins freely on the threads. Caps are manufactured exclusively 
for Brockway Glass Co, Brockway, Penna. 


Abrasion Tank Cuts Deburring Time to One-third 


The time it takes to deburr airplane spars is expected to be cut from 25 to 8 
minutes with this prototype machine, the Burr-Go-Master, developed by Boeing 
Aircraft Co. For deburring, spar is placed on a slurry consisting of abrasive 
chips and cleaning fluid, then vibrated vertically until abrasive is fluidized. 
Next, a thin rubber diaphragm at bottom, equipped with water inlet and drain- 
age fittings, is inflated to press abrasive fluid against the lid under 1 psi. The 
spar is then reciprocated longitudinally at 250 to 300 cycles/min. until deburred. 
Convex lid of the tank is lined with rubber and includes a longitudinal pipe to 
carry coolant and a rubber bladder to connect with pressure gage at top. The 
six vibrators beneath the tank rest on stiffener pads. Piston rods, capped with 
adjustable, threaded star fittings, protrude into the tank to hold the spar 
secure. Pistons are connected to opposed air cylinders, whose reciprocating 2-in. 
stroke is actuated by solenoid valves. Conventional limit-switch arms actuate 
the solenoids. They, in turn, are contacted by a disk mounted on outboard end 
of a piston extension. A forthcoming production model of the machine will be 
able to handle spars 7 to 15 ft long—a size that comprises more than half 
the company’s monthly output. 
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Malfunction Halts TIROS II’‘s Cameras 


WasHIncton—Programing of wide- 
angle photographs from TIROS II has 
been suspended indefinitely by NASA. 
This action was taken “because of a 
malfunction causing unprogramed ef- 
fects in the timing-clock operation and 
in the wide-angle camera system.” 
NASA believes if the malfunction were 
allowed to continue it might disable 
the experimental _weather-satellite 
project. 

According to NASA, programing of 
remote narrow-angle photographs has 
also been suspended temporarily, pend- 
ing a study of the causes of a separate 
erratic behavior in that system. It is 
expected that remote narrow-angle 


photographs will be resumed follow- 
ing an analysis of this camera system. 

As of Jan 8, the wide-angle camera 
had taken 11,102 photographs of 


which 9524 (86%) could be usefully 
interpreted for weather analysis. 


TIME FOR SUSPENDING 


However, on Jan 11 the first indi- 
cation of malfunction was observed 
(the satellite had completed 728 
orbits). Normal operation resumed 
until Jan 16, when the unprogramed 
operation was observed again. Direct 
readouts of photos from both cameras 
and the infrared experiments have 
been unaffected by the malfunction, 


Gaseous Maser Offers New Rival to Radio Waves 


New Yorx—Transmission of large 
amounts of information by coherent 
light is a step closer to commercial 
application after disclosure by Bell 
l'elephone Laboratories of its continu- 
ously operating optical maser. Oper- 
ating on about 30 to 50 watts, and 
generating a coherent beam of in- 
frared light of about 1/100 watt, it 
uses a mixture of helium and neon 
gases to achieve continuous operation. 

The new system, Bell scientists ex- 
plain, is radically different from solid- 
state optical masers which rely on an 
external bright light to pump chro- 
mium atoms in the ruby crystal’s struc- 
ture to an excited upper energy level 
that emits coherent light. In the 
gaseous optical maser, energy is derived 
from an electrical discharge of very 
low power which excites helium atoms 
to 4 very high energy level. 





GASEOUS OPTICAL MASER has mixture of helium and 
neon contained in a tube about 40 in. long. Low-power input 
and output of the approximately %-in.-dia tube permits 
handling without burning the hand. Level of operation can 


be increased with larger dia tube. 
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At this level, savs Bell, energy is 
not radiated but neon atoms in the 
gaseous mixture collide with the ex 
cited helium atoms and the energy is 
transferred to them through the colli- 
sion process. The neon atoms them- 
selves then can be stimulated to 
radiate energy on demand in a continu- 
ous stream. 

The beam is reflected back and 
forth through the length of the gas- 
filled tube by semireflecting end plates, 
growing in intensity with each trip. 
About 0.3% of the beam is transmit 
ted through the plates, and forms a 
very narrow output beam of coherent 
infrared light. 

The spectral-line width of the out- 
put beam is far sharper than that of 
solid-state masers. The light emitted 
by a ruby device is about 60 times 
narrower than a ruby’s normal fluores- 





but it was the threat of danger to 
these experiments through power 
failure that prompted the decision on 
Jan 18 to suspend operation of the 
remote wide-angle camera. 

The narrow-angle camera had func- 
tioned efficiently, having transmitted 
a total of 894 photographs, of which 
545 were classified as useful. Power 
limitations prevent the simultaneous 
use of both cameras, and the wide- 
angle camera pictures are useful by 
themselves, while narrow-angle pic- 
tures usually need concurrent wide- 
ingle pictures for useful interpretation. 
This accounts for the greater number 
of wide-angle photos. w 


cence. Normal fluorescence from the 
helium-neon mixture is already as 
narrow, and maser action narrows the 
beam more than 100,000 times more. 
Narrowness of the beam will permit 
many more communication channels 
than are now possible with radio waves. 

In addition, neon atoms can radiate 
energy from almost any one of four 
upper energy levels to one of 10 in- 
termediate levels. This means that 
30 discrete frequencies can be emitted 
by the gas maser, depending on the 
specific mode of operation. The range 
of possible wavelengths lies between 
9000 and 17,000 angstroms. Present 
laboratory models have operated, says 
Bell, at five different wavelengths, and 
between 11,000 and 12,000 A*®. Other 
gas mixtures are expected to produce 
different output frequencies from that 
of the helium-neon mixture. * 


COHERENT LIGHT carries intelligence similar to radio 
waves but its information-handling capacity is millions of 
times greater. Applying the gas maser to communications 
is important byproduct to its use for investigating atomic 


structure and other scientific phenomena. 
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SILICONE NEWS from Dow Corning 


Perfect Prototypes...Fast! 





Silastic RTV puts designs into 
3-D easily, quickly, economically 


Turning intricate designs into prototypes and finished parts is greatly 
speeded and simplified with Silastic® RTV, the versatile fluid silicone 
rubber that vulcanizes at room temperature. Prototypes made with this 
new engineering “tool” are exact reproductions of the original patterns. 


How it’s done. 

Here’s how one automotive parts supplier uses Silastic RTV in producing 
small quantities of experimental grilles. The first step, illustrated at top, 
is a precise wooden pattern of the design. Next, plaster is poured over 
this pattern to form the first mold. Then, Silastic RTV takes over. This 
fluid rubber flows easily into the plaster mold, conforming to the finest 


detail, then cures at room temperature to 
form a firm-but-flexible exact duplicate of 
the original wood pattern. 


Now. a second plaster mold is made from 
the silicone rubber duplicate. Alloys are 
poured into this plaster mold to form fin- 


ished metallic prototype parts. 


Why bother Silastic RTV 
extra step? Several good reasons. 
Silastic RTV the 


quickly, smoothly something 


the 
First. 
mold 
that’s dif- 


Second. by 


with and 


releases plaster 
ficult with wood originals. 
“standing-in” for the original wood pattern, 
Silastic RTV protects that costly pattern 
from harm. Another important benefit is 
durability. The silicone rubber duplicate 
can be used over and over again! 

Silastic RTV 
500 F, enabling you to make prototypes 
directly from the RTV mold with plastics. 
Examples: 


resists temperatures up to 


trim parts, instrument panels 
and many other parts important to overall 
design and beauty. 


Every day more and more engineers turn 
to Silastic RTV for help in cutting costs, 
in reducing time requirements, in pretest- 
ing of new designs. How can this versatile 
material best serve you? Investigate today. 





For detailed information on Silastic 
RTV . contact the Dow ¢ orning office 
nearest you, or write Dept. 7214a. 


Dow Corning CORPORATION 


ATLANTA BOSTON CHICAGO 
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THE QUESTION: 


Should Safety be Legislated into Auto Design? 


Auto-safety legislation is needed . . . 


because, I am firmly convinced, it can effectively combat 
the national epidemic of highway accidents. It is my 
intention, in the current session of Congress, to reintroduce 
legislation pressing for greater attention to safety factors 
in the design and manufacture of automobiles. Prime 
vehicle for this drive will be my bill to require passenger- 
carrying vehicles purchased for use by the Federal govern- 
ment to meet certain safety standards. 

This bill—which, as HR 1341 in the last Congress, was 
passed by the House but not the Senate—provides that 
no motor vehicle manufactured on or after the effective 
date of enactment of the bill into law shall be acquired 
for use by the Federal government unless it is equipped 
with whatever reasonable safety devices the Secretary of 
Commerce shall require. 

Ihe Secretary of Commerce, under this bill, is em- 
powered to prescribe standards for those safety devices to 
be published in the Federal Register. ‘The standards first 
established would be prescribed and published not later 
than one vear from the date of enactment of the legislation. 

At first glance, this looks like a bill to protect Govern- 
ment employes. It is more than that. It is legislation that 
could have far-reaching effects in establishing at least one 


Hon Kenneth A Roberts 
Chairman 
House Subcommittee on Health and Safety 


assured method of controlling and mitigating the terrible 
toll being taken in traffic accidents. It would enable the 
Federal government to take advantage of known and dem- 
onstrated scientific knowledge in providing safer passenger- 
carrying vehicles. Beyond this, it is my hope that passage 
of such legislation would crack the resistance barrier that 
seems to be blocking efforts to design safer automobiles. 
By putting the Federal government in this position of 
leadership, it can be expected that State and local agencies 
and industrial agencies would be encouraged to make cer- 
tain all motoring Americans have the right to expect that 
the automobiles they purchase are as safe as it is reasonable 
to manufacture them. 

Research indicates that automobiles are not this safe 
today. A representative of the Public Health Service, in 
testifving before the House Subcommittee on Health and 
Safety, presented a list of design features of vehicles which 
could improve safety (see page 25). Dr F.J.L. Blasingame, 
executive vice-president of the American Medical Associa- 
tion, stated at a hearing of the subcommittee: “In the past, 
the automobile industry has made many important contri- 
butions to safety. However, in recent years, safety has 
been generally ignored in favor of other developments.” 
He, too, presented a group of suggestions advanced by 
physicians, researchers, and safety engineers in the matter 
of safety design. The Secretary of Commerce, in a 1959 
report to Congress, stated: “There are residues of weakness 
in automotive design and function . . . which manufac- 
turers and public officials alike need to give further 
attention .. .” 

John O. Moore, former director of Automotive Crash 
Injuries Research at Cornell University, testified this year: 
“We know that 56% of all the humans who are injured 
in automobile accidents on America’s highways and streets 
are injured by contact with the steering wheel, the instru- 
ment panel, the windshield, or by the failure of the doors 
to remain shut... .” 

My legislation does not attempt to specify what safety 
devices should be built into automobiles—that would be 
determined by the Bureau of Standards. What the bill 
recognizes and attempts to overcome is the well-known 
fact that safety features over and above those now included 
as standard equipment are available, and could be effective. 

The approach of my bill has the endorsement of the 
Committee on Trauma of the American College of Sur- 
geons and the American Medical Association; of the Na- 
tional Safety Council; and of the American Public Health 
Service. I am hopeful for enactment of this legislation 
in this new Congress; hopeful because it can be a powerful 
weapon in the fight against the ‘disease’ which is killing 
40,000 people every year and injuring 5 million people. 
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The auto industry itself should set safety standards . . . 


and it has done so. Paralleling the growth of the American 
automobile industry there has also grown a code of engi- 
neering standards which establish minimum safety require- 
ments for construction of motor-vehicle components. These 
safety standards have been developed by such professional 
engineering organizations as the American Standards Asso- 
ciation and the Society of Automotive Engineers. These 
standards have been developed through the cooperative 
efforts of State administrative officials and their national 
organization (American Association of Motor Vehicle Ad- 
ministrators), safety organizations, professional engineering 
organizations, highway-user organizations, and the motor- 
vehicle manufacturers. The National Committee on Uni- 
form Traffic Laws and Ordinances, in its Uniform Vehicle 
Code, recommends adoption of these safety standards by 
the States in their statutes and administrative regulations, 
and they are accordingly recognized in most State juris 
dictions. 

One basic principle, to which manufacturers have recom- 
mended adherence in drafting laws or regulations govern- 
ing motor-vehicle equipment, is that the regulatory docu- 
ment should specify performance (what the equipment 
should do) and not design (engineering specifications). In 
specifying performance, the manufacturer is left free to 
meet the requirement with new and improved devices. 
In contrast, legislating the particulars of engineering design 
freezes that design, thus impeding engineering progress, 
and also tends to eliminate competition to improved vehi- 
cles and their equipment. Moreover, experience has shown 
that statutes specifving engineering design block the intro- 
duction of new and improved safety equipment until such 
time as the statutes can be amended to remove the 
restrictions, and this is often a slow and difficult process. 

In the constantly evolving field of safety, we have seen 
major concepts changing in a matter of a few years. We 
face the constant problem that if we seek to make design 
details mandatory we will restrict development, rather than 
promote it—that we will make the engineer’s goal one of 
designing to conform to inflexible and sometimes outdated 
codes, rather than solving the basic problems. Such 
restrictive approach might well discourage, rather than 
stimulate, research and development in automotive safetv. 

American motor vehicles are manufactured in accord- 
ance with recognized and carefully developed engineering 
standards. ‘These standards are developed only after con- 
siderable research, experimentation, and testing on proving 
All are nationally recognized 
standards. Examples are the American Standards Associa 
tion glazing code for safety glass, the Society of Automotive 
Engineers specifications for lighting equipment, and the 
Society of Automotive Engineers specifications for brake 
fluid. The development of these safetv standards and 
incorporation into State law usually follows this procedure: 


grounds and _ highways. 


e When a new device or piece of equipment is dev eloped 
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Karl M Richards 


Manager, Field Services Dept 
Automobile Manufacturers Assn Inc 


and considered to be a worthwhile addition to a motor 
vehicle, it is first offered as optional equipment. 

e If, after a period of time, it is accepted by the general 
public and its use proves a benefit, it may then be added 
as standard equipment. 

elf the device is such that minimum safety standards 
should be maintained, the Society of Automotive Engineers 
or other appropriate technical group is requested to develop 
a safety standard as a minimum. 

e If it later appears that statutory regulation is necessary, 
the National Committee on Uniform Traffic Laws and 
Ordinances is requested to develop a provision for incor- 
poration into the Uniform Vehicle Code which can be 
recommended to the States. 


It is clearly evident from the above that a great deal of 
time and effort has been devoted to the development of 
safety standards. The system which has evolved is soundly 
established. It has functioned, and is functioning, satis- 
factorily. 

Entrance into this area by the Federal Government 
would disrupt well-organized procedure 
tions which are not in accord with nationally recognized 


Federal specifica 


safety standards could result in dual engineering-safety 
standards, reduction of uniformity at the State level, and 
additional, unnecessary expense to the vehicle user. 


turn to page 24 for suggested design changes—> 
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Does your product 


need “Pump Engineering” ? 


Let Marlow take the pumping “headache” out 
of your design department. It’s not just a dream 
but a proved fact that a custom-engineered Marlow 
can put efficiency into your product and give you 
a definite selling advantage over your competition. 
Marlow’s Pump Engineering has done just that for 
Original Equipment Manufacturers in many diver- 
sified industries. 

Modern, automated, manufacturing and engi- 
neering facilities enable Marlow to produce effi- 
cient, reliable, custom designed Self-Priming, 
Centrifugal, Straight Centrifugal, Diaphragm and 
Plunger Pumps...at mass production prices. 

Get in touch with us immediately. Write, wire 
or call and, in no time at all, a Marlow Field Engi- 
neer will be at your plant, ready and able to help 
you plan or design. There is no obligation and—it 
costs you nothing to find out. 


Check with Marlow ... today! 


MARLOW PUMPS 


Marlow Division of Bell & Gossett Company 
PUMPS MIDLAND PARK, NEW JERSEY 


® Longview, Texas * Morton Grove, Illinois 
® 


CUSTOM DESIGNED PUMPS SERVING INDUSTRY THE WORLD OVER 
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Truarce self-locking rings C) () replace 


other y <— fasteners... eliminate 


tapping of casting on this 
tape recorder. Result: MoHAWK BUSINESS 
MACHINES CorP. Increased production 60% 


and sharply reduced assembly costs. 


PRODUCTION PROPOSITION: Find out how a Truare Engineer can help you 


eliminate wnnecessary production steps and tools. Get his estimate of the savings 
you can expect in time, money and material on the final assembled cost of 

your product. Our Catalog AT 10-58 shows the complete line of Truarc Rings and 
assembly tools. Send for your copy today. For immediate 

action call your nearest Authorized Truare Distributor. 

He’s as close as your Classified Telephone Directory. Look 


under: “Rings, Retaining.” oo» 


) WALDES 


TRUARC retainine RINGS 


WALDES KOHINOOR, INC., 47-16 Austel Place, Long Isiand City 1, N. Y. 


9 OUT OF 10 PRODUCTS CAN BE IMPROVED WITH TRUARC RETAINING RINGS 
© 1960 wacoes Koninoor , ine. 
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experts agree: CAR INTERIORS 


Improving the highways, educating the drivers—these will help cut the toll from accidents. 
But safety authorities foresee no real improvement until passengers are given genuine 
protection. Here’s their plea, plus a list of design improvements. 








“The National Safety Council is convinced from the results of tests and 
from specific experiences that the insiallation and use of devices designed 
to reduce the injury potential to occupants in the event of an accident 
would, if installed and used, reduce traffic injuries to occupants by one-half.” 

—GEORGE C STEWART, exec vice-pres 
National Safety Council 


“Injury and death that we see on the nation’s highways are byproducts 
of the design of the components of the vehicle and the method in which the 
human hits these components when the deceleration or stoppage begins. 

“Going back to the experience of aviation, military and commercial, we 
know that we can control the energies of this deceleration, as it affects the 
human, by a proper design of the components. Therefore, it is evident that 
the third leading ‘disease’ of this nation, accidental injury, has some solu- 
tions; particularly those accidental injuries which are associated with our 
methods of transportation. 

“There is little room for doubt that we can package the human goods in 
our transport system in the same way we package products that we ship— 
with the guarantee that the products will function on their arrival. 

“The basic details for simple (passenger) packaging do not differ, in their 
essentials, from the simple principles successfully employed by packaging 
engineers for the protection and safety of all valuable objects in transit: 

1. A package containing valuable objects should be designed so as not to 
crush in on the contents under conditions of moderate force normally en- 
countered in transport. 

2. The package should not burst open and spill out its contents. 

3. The contents should be firmly anchored so as not to be dashed against 
the inside of the container or package. 

4. The interior of the package should be provided with shock-absorbent 
material at points where the contents might be damaged by striking against 
the container.” 

—HUGH DeHAVEN 
Founder, Crash Injury Research 
Cornell Univ Medical College 


“Nothing can reduce the present high injury rate attendant upon automo- 
bile travel so much as application of safety engineering to the motorcar 
itself. This includes impact windshields, impact instrument panels, glare- 
reducing glass, impact-resistant seats and doors; most important, the uni- 
versal installation of safety belts (or their equivalent in the form of padded 
brackets) is required in the motorcar of today. A large experience in the use 
of safety belts has been built up in the aviation field and an increasing expe- 
rience is accumulating in the motorcar field. Competent authorities state 
that the present mortality and injury rate could be reduced 90% if all motor- 
car riders used safety belts (or practical equivalents).” 

—THE COLORADO STATE MEDICAL SOCIETY 


“We know that 40% of all drivers who are hurt, are hurt by contact with 
one component—the steering wheel. It is obvious to the bioscientist and 
engineer that if we could alter the characteristics of this single contact point 
we should expect to reduce the injury rate.” 

—JOHN O MOORE 
Flight Safety Foundation 


“Accidents may occur as the result of speed, inadequate highways, poor 
judgment, or mechanical failure, but none of these is the actual cause of 
passenger injury. The injury occurs primarily as a result of faulty interior 
design of the automobile. ‘Faulty’ is actually a gross understatement, as 
there is almost no feature of the interior design of a car that provides for 
safety. The doors, seats, cushions, knobs, steering wheel and even the 
overhead structure are so poorly constructed from the safety standpoint 
that it is surprising anyone escapes from an automobile accident without 
serious injury. Eliminating these mechanically hazardous features would 
prevent approximately 75% of the fatalities, or 28,500 deaths each year.” 

—Dr C HUNTER SHELDEN 
Journal of the American Medical Association 








JOSEPH J KELLEHER 
Associate editor, and 

BENEDICT A LEERBURGER Ir 
Assistant editor 


® Since 1951 an average of over 100 
people have died daily in traffic acci- 
dents. Despite vast sums spent for 
driver education and road improvement 
the trend in deaths and injuries from 
auto accidents continues upward. 
Traffic experts agree that better roads 
and better drivers are not enough. 
One doctor who has had wide experi- 
ence in treating auto-accident injuries 
pinpoints the problem. Writing in the 
AMA Journal Dr C. Hunter Shelden 
says, ‘“Elimination of the mechanically 
hazardous features of interior con- 
struction would prevent approximately 
75% of the fatalities, or 28,500 deaths 
each year.” (For further remarks by 
Dr Sheldon and other experts in this 
field, see box at left.) 

From an engineering standpoint, 
the problem is to give automobile 
passengers the same care given to fra- 
gile products during shipment. Al- 
though this need has long been recog- 
nized, very little has been done to 
idopt any significant safety features, 
such as those listed on the facing 


page. 


New roads would help, but .. . 

Records show that improved roads 
do reduce accidents. The NY State 
Thruway, a prototype for the proposed 
Federal Interstate Road System, has 
cut fatalities per vehicle mile to barely 
15% of the national average. The 
nationally accepted road standards of 
the Federal Interstate Road System 
emphasizes the advantages of a uni- 
form safety program. The problem 
here, however, is that the Federal 
Interstate Road System, either actu- 
ally built or proposed, represents only 
a small percentage of the total US 
highway network. This means that a 
large percentage of auto travel will 
continue on outdated highways. For 
the most part these potentially dan- 
gerous roads will never catch up to the 
growing traffic load. 

And the continually increasing num- 
ber of cars in use tends to cancel the 
reduction in injuries that improved 
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MUST BE DESIGNED SAFER NOW 


roads should produce. There were 
58,600,000 cars registered in the US 
in 1960; by 1976 the number will 
reach 95 million. Despite all planned 
or proposed improvements in roads, 
accidents will continue. 


Better drivers would help, but . 


No concrete efforts are being made 
to reeducate the licensed driver. Al- 
though driver-education plans are in 
existence in most state school systems, 
they apply to the unlicensed, with 
this exception—some states require 
any driver involved in a series of acci- 
dents to attend a driver-education 
course before his license can be rein- 
stated. 

A further complication is the lack 
of a uniform nationwide standard for 
auto-driver qualifications such as ex- 
ists for aircraft pilots. A first step 
towards standardization of state re- 
quirements was the recent adoption of 
a uniform license-plate size. Insignifi- 
cant as this may seem it opens the 
door to further improvements such as 
uniform licensing requirements, traffic 
signals, signs and codes. Undermin- 
ing any accident-prevention plan, how- 


ever, is one uncontrollable variable— 
the driver's condition. Fatigue, hun- 
ger, emotional strain, anger, alcohol 
all have a greater effect on the driver 
of the car than any educational pro- 
gram. 


What can be done now? 

Because accidents will continue, it 
is essential that car interiors be im- 
proved to reduce post-impact injuries. 
But the auto industry has been hesi- 
tant ever since Ford’s 1956 emphasis 
on safety failed to sell. (Much of its 
advertising that year was based on 
safety factors. ) 

However, many experts see a solu- 
tion—safe design should not be merch- 
andised as an accessory, with its cost 
balanced against that of power seats, 
radios, air conditioners, electric clocks, 
etc. The need, as they see it, is for 
legislation that makes safe design man- 
datory. This position has _ been 
summed up by Rep Charles E. Bennet 
(D-Fla): 

“It is totally unrealistic to expect 
self-regulation in this field, despite 
the obvious desire of most manufactur- 
ers to make their products safe. What 





would happen to the public-spirited 
automobile company that decided to 
make less powerful, more manageable 
cars to save lives? Or suppose the man 
ufacturer decided to incorporate safety 
features which, though not unattrac- 
tive, would increase the cost of his 
product? Purchasers would flock to 
rivals and he would lose millions of 
dollars, as would his chain of dealers.” 

However, industry spokesmen have 
objected to passing safety legislation; 
many feel it would stifle progress. In 
a statement before a congressional sub 
committee, Paul Ackerman, v-p engi 
neering, Chrysler Corp, and chairman 
of the Engineering Advisory Commit- 
tee of the Automobile Manufacturers 
Assoc, said, “We face the constant 
problem that if we seek to make de- 
sign details mandatory we will restrict 
development rather than promote it— 
that we will make the engineers’ goal 
one of designing to conform to in- 
flexible and sometimes outdated codes, 
rather than solving the basic problems. 
Such a restrictive approach might well 
discourage, rather than stimulate, re- 
search and development in automobile 
safe ty oe ’ 





34 ways to decrease danger 


Car improvements suggested by Dr James Goddard, Chief, Accident Prevention 
Program Div of Special Health Services, US Dept of Health, Education and Welfare 





Predrilled seat-belt attachment holes. 


improved attachment of seats to withstand a minimum 
force of 20 g’s or better. 


Seat belts of adequate strength and design. 
Securely fastened seat cushions. 

Removal of tinted windshields. 

Use of hardened glass (not laminated). 

180° forward visibility area from driver's seat. 
Rear windshield wipers and defrosters. 


Constant radius of curvature in window glass to avoid 
distortion. 


Fuller-sweep design of windshield wipers. 


Recessing or removal of all projecting knobs or instru- 
ment controls. 


Steering wheels with appropriate energy-absorbing design. 
Recessed door handles. 

Rounded hood (no hood ornaments) to protect pedestrians. 
Recessed ceiling lights. 

Recessed package shelf. 

Head-rest to prevent whiplash injury. 


Padding wherever impact is most frequent—visor, ¢ «sh, 
heater area, etc. 


Moving rather than blinking directional signals. 


Engineering of vehicles, to remove interference with driv- 
ing actions. 


Standardization of rear-lamp location, color, and relative 
intensity. 


Visual and auditory speed warnings on the speedometer. 


Air intake to and exhaust from passenger compartment 
near top of car (to avoid carbon monoxide). 


Rigid bumper backup plate with energy-absorbing material. 


Complete wraparound bumpers rigidly attached to frame 
and having energy-absorbing padding. 


Inside door-locks controllable only from front seat (so 
children can’t tamper). 


No headlight shades (to minimize pedestrian injury). H- 
lumination of instruments by red light to protect the 
driver's night vision. 


Light under the car to silhouette at night for easy visibility. 
Rollover strength in roof. 
Roof with inside padding——to protect against head injuries. 


Design of seats molded to person’s natural pressure dis- 
tribution. 


Use of either a separate brake light or a clearly visible 
brightness-increase during braking. 


Colored rear-light indicator when foot leaves gas. 


Brake pedal that can be used by either foot. 
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un USE THE HYATT 


"*SPECS”’ 


READMyatr 
TRIPLE — : h 


VERSATILITY 


MORE 
FLEXIBLE 
ASSEMBLY 


Interchangeability of Hyatt separable bearing parts 
vermits more flexible assembly. Any HYATT Metric 
tadial Series separable inner race, for a given piece 
number, can be assembled with any HYATT outer race 
and roller assembly of the same piece number. 


Because of this interchangeability, it is practical to install 

separable HYATT inner races on shafts in one location, A. Cutaway view of HYATT Hy-Load separable outer race types. 
while the outer races and rollers are installed in housings 
at another location. When the sub-assemblies are brought 
together, the bearing parts will match perfectly. There is 
seldom need for selective assembly. 


INCREASED 
SHAFT 
DIAMETERS 


When the designer wishes to use a larger, more rigid shaft, 
without increasing the size of the housing bore, he utilizes 
another advantage of HYATT separable bearings. He can 
eliminate the inner race of the separable inne> race HY ATT 
bearing types and operate the bearing rollers directly on 
the suitably hardened and ground shaft. Space usually 
occupied by the inner race is available for a larger shaft. 


A-1. Cutaway -views of HYATT Hy-Load non-separable types (right). 


REDU CED 6. Cutaway views of HYATT Hy-Load separable inner race types. 


HOUSING C. Typical transmission application: Pilot bearing is BU-Z type without 
outer race, operating directly on hardened and ground gear bore, and an 


A-TS with inner race omitted operating directly on the shaft. 


BORE SIZES 


On the other hand, when space limitations force you to 
reduce the size of the housing bore without decreasing 
shaft diameter, versatile HYATT separable bearings are 
again the answer. This time you merely eliminate the 
outer race of one of the separable outer race HYATT 
bearing types—and operate the rollers directly on the 
suitably hardened and ground bore. You save the space 
normally occupied by the outer race. 


And, of course, in applications where it is advisable to 
retain the complete bearing parts as a unit, HYATTS are 
available in non-separable assemblies. 
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LINE FOR 
MACHINE DESIGN 


SEPARABLE RACE INTERCHANGEABLE 
ROLLER BEARINGS PARTS 


INNER PACE 
SSEmoY 





Design engineers have come to recognize—and deal 
with—one stubborn fact in their business. 





The stubborn fact: Every bearing application has 
its own peculiarities. 

















The way to deal with it: Use the HY ATT LINE! 


— OuTER race 








The core of the Hyatt Plan is simply this. Hyatt’s 
separable race roller bearings—with interchangeable 
parts—permit you to improve machine design. They 
encourage improved machine design because they are 
adaptable to highly individual and unique applications. 








Naturally, HYATT cylindrical bearings have more 
radial load-carrying capacity. Their true rolling action 
offers the lowest roller bearing friction. But the shrewd 
engineer looks beyond these basic life, load and speed 
relationships. He studies the installation, sealing, 
retainment, assembly and maintenance requirements of 
each individual bearing application. 















































In short, he uses the HYATT LINE for best results. 








Pick up the phone the next time you want to review 
your bearing applications—for an overall production or 
performance advantage for your product. Call your 
nearest HYATT sales office. 
































(MER RACE 


You'll find the best roller bearing engineers anywhere 
at the other end of the line. 











HARRISON, N. J. CHICAGO PITTSBURGH 
HUmbolt 4-4000 HArrison 7-8277 ATlantic 1-2927 


DETROIT OAKLAND, CALIFORNIA 
TRinity 3-7200 TWin Oaks 3-5362 
WAT Hiy-ROLL BEARINGS 
FOR MODERN INDUSTRY 


IN ROLLER BEARINGS, HYATT 1S THE WORD FOR MO RELIABILITY 


*. 
l = 


HYATT BEARINGS DIVISION » GENERAL MOTORS CORPORATION * HARRISON, NEW JERSEY 
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| READER TO EDITOR | 


Alternate Solution to Sampling 
Theory 
To the Editor: 

I would like to offer an alternative solu- 
tion to the problem posed in your article 
“Sampling Theory—an Exercise in Prob- 
abilities” (Dec 12 ’60, p 57). 

Your equation, which is rigorously ex- 
act, was written 

c=pN =+f(P) vpN (1 — p) 

‘If you assume a normal distribution 

of c about a binomial p and apply Fisher’s 


Quick way to increase Sn nedieese s oe ue 


mation of the equation is 


morale...step up efficiency ca lveN YF) 


‘his is somewhat simpler to calculate 
than the original, particularly if you set a 


eo desired probability (usually 997/1000) so 
that f(P) = 3 and the « juation reduces 
to 


c= (VpN #15 (2) 


E Contour Tables Gutsexr Goonciox 


@ The approximation offers a very neat 
PROVIDE A PERSONALIZED EXECUTIVE WORK AREA FOR EACH MAN wey to tamplily the griph. By petting 
Make it easy for your top men to do their best work—every day. High el ind lower values of ¢ versus pn on 
inate iach aoiaitiiiiiaanen ap bandin bea whehian.qeubtncteel inear coordinates for constant values of 


man with the individual privacy of a Hamilton L-CONTOUR TABLE. 





Individualized private cubicles offer modular, space-saving flexibility. 
Single support keeps board stable, perfectly balanced, readily adjustable 
from horizontal to vertical. Generous storage includes reference drawer, 
tool drawer, catalog drawer. Glare-free linoleum reference surface and a 
host of other features make the Hamilton L-CONTOUR TABLE a real invest- 
ment in stepped-up productivity. Write today for full details. 


probability, the plot forms a series of 
shaded areas that graphically portray up- 
per and lower limits. Here p is the ex- 
pected percentage in an infinite population 
having a particular attribute. N is the 
sample size under study. P is the prob- 
ability of finding the number of pieces, 
c, between the plotted upper and lower 
limits. Discrepancies between these values 
and those found with Eq (1) are likely to 
average about 5% —RMK 


new dimensions in time and : Kart Dealers 

TE cromglegrmomeree yon oe pe tee To the Editor: 
laboratories; draftsmen; printers; > Like the chap who saw his mother-in- 
entan, Coe ee a law roll over a cliff in his brand-new 
Cadillac—we are confronted with mixed 
emotions! In the Dec 19 issue is an article 
entitled “Engineered Karts Take Over” 


PROFESSIONAL AND SCIENTIFIC FURNITURE 


Hamilton Manufact 9 Company, Two Rivers 


' 


28 CIRCLE 28 ON READER SERVICE CARD PRODUCT ENGINEERING + FEBRUARY 13, 1961 





(p 38). Among the many products that 
are pictured is a superior rack-&-pinion 
steering control. Your excellent article 


points out the safety and other advantages | ANC e@):i THE PLEDGE OF 


of this well-engineered unit. For this boost 
to the industry, we are most appreciative 
—but: 

The rack & pinion you picture is manu- 
factured and marketed by Superior Ball 
Joint Corp. Honest Charlie’s Speed Shop 
Inc, who is credited with this contribu- 
tion, is only one of dozens of dealers who 
handle the item. In fact, his purchases 
amount to only 5% of the total bought 
by our largest dealer—and the majority of 
our production is shipped directly to the 
Kart manufacturers. See what I mean? 

—Gu Davies 

Exec vice-prisident 
Superior Ball Joint Corp, 
Fort Wayne, Ind 


COMING EVENTS 
FEBRUARY 


14-16.... Society for Nondestructive 
Testing & Southwest Research Institute, 
2nd Annual Symposium on Nondestruc- 
tive Testing of Aircraft & Missile Com- 
ponents, Gunter Hotel, San Antonio, 
Texas 


15-16.... Institute of Radio Engi- 
neers, American Institute of Electrical 


Engineers, 8th Annual International 
Solid-State Circuits Conference. Univ of DA 9, | bal IES 


Pennsylvania & Sheraton Hotel, Phila- 
delphia lar TPatir 
26-March 2.... American Institute of 

Mining, Metallurgical & Petroleum En 

gineers, Chase Park Plaza & Ambassado1 

Hotels, St. Louis 


— ANCHOR 
ng : s a of Ppa Engineers FLANCO 4-BOLT 
with AIEE & IAS, 2nd Symposium on 

Engineering Aspects of Magneto-hydrody- SPLIT-FLANGE 
namics, Univ of Penna, Philadelphia HALVES 


AND “O” RING 
12-16.... American Society of Me- ° 
chanical Engineers, Aviation Conference, FLANGED HEAD 
Statler Hotel, Los Angeles COUPLINGS 


14-16.... Society of Automotive En- 
gineers, National Automotive Meeting, 
Sheraton-Cadillac Hotel, Detroit 
Andy Anchor Says: 
20-23 .... Institute of Radio Engineers, “When you are faced with a 
International Convention, Waldorf-As- problem in hydraulic plumb- 


j 1&2 NV Colice rey ing, remember there's a qual- 
toria Hotel & NY Coliseum, NYC ified specialist in this field 


; , who is always available for 
20-24.... American Society for Metals, consultation — your Anchor 


12th Western Metal Congress & Exposi- representative!” 
tion, Ambassador Hotel & Pan-Pacific Au- 
ditorium, Los Angeles 


For a current listing of addresses of so- 
cieties and associations send 25¢ to Prop- 
uct ENGINEERING Reader Service Dept, 
330 W 42nd St, NY 36. Ask for bro- 
chure, R 32. 
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apt 


PERFORMANCE 


on 


pe, LEQK-Froc onnections 
Stop Leaks—"O” Ring gasket gets tighter as 
pressure increases. 

Prevent Wedging of Pump or Valve Bodies with 
tapered threads. 

Allow repeated disconnection and reconnection 
without leaks — No threads to wear — no tapered 
seats to groove. 

Reduce Production Costs—costly threading op- 
erations eliminated. 

Simplify Connections — no separate swivel or 
union connections required. 

Permit Faster, Easier Connections — to disconnect, 
only one bolt need be removed. 

Are Available with Pressed-On or Reusable Cou- 
plings and with Weld-type Fittings. 


Flanco assemblies are your best bet for connec- 
tion of hose assemblies to valve or pump parts — 
for hose to manifold — for pipe to pipe, pipe to 
hose and hose to hose in high, medium and low 
pressure systems. 


Write for Catalog No. 403 
for complete description and specifications 


301 North Fourth $t., Libertyville, Il. 
Branch Plants: Dallas, Tex., Plymouth, Mich. 
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Double-Layer Nickel Plating 


is the difference between 


4 


Both of these plated panels were exposed 
in a corrosive marine atmosphere for 
18 months! 

You can see how the panel on the 
left — plated with a Nickel-Chromium 
coating that is perfectly suitable for less 
rugged use — fared in this severe out- 
door test. 

But the panel on the right — coated 
to the same 2.0 mil thickness — retained 
its rich original luster! 

Why? Double-Layer Nickel Plating — 
a good thick layer of sulfur-free, semi- 
bright Nickel beneath the lustrous bright 
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this and this 
) — 


Nickel layer and the thin chromium 
overlay. 

Remarkably durable, this combina- 
tion provides outstanding resistance to 
corrosion, abrasion and wear . . . helps 
assure the mirror-bright, lasting eye 
appeal that satisfies today’s quality- 
conscious customers. 

For more information on the dura- 


bility of decorative Nickel-Chromium 
plating, write for your free copy of “The 
Contribution of Nickel and of Chromium 
to the Durability of Decorative Plating.” 


The International Nickel Company, Ine. 
67 Wall Street Keo New York 5, N.Y. 


Inco Nickel 


Nickel makes plating perform better longer 
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OPENING NEW HORIZONS 


in economical power application 


PLUS OPERATING EFFICIENCY 
MORE POWER PER CYLINDER DOLLAR 
PROVEN LEAKPROOF OPERATION KR 

EATEST SELECTION EVER OFFERED 
‘SAFE UNDER SEVERE LOADS 
SAFE WITH ALL KNOWN HYDRAULIC FLUIDS 
SAFE UNDER TEMPERATURE EXTREMES 
DAMAGE-PROOF PISTON RODS 





* 




















.: ER OE Se ER 


* 


Flick-Reedy...Winner of ‘‘Plant of the Year’’ Award and ‘‘Silver Anvil’’ Public Relations Award 


Miller Hydraulic Cylinders make impossible applications 

look easy. With Teflon Seals, Case-Hardened Rods (50-54 

Rockwell C), Patented “‘Shef” Tubing End Seals, and other 

| = exclusive sfandard features, these cylinders are practically 

— — - damage-proof, are ultra-dependable under pressure and tem- 

MORE SAVINGS! perature extremes, and provide leakproof sealing with ALL 

Our ultra-modern, new “Plant of the Year” with its hydraulic fluids. Built to exceed J. I. C. Specifications, these 
special facilities and operating economies enable us cylinders are achieving new highs in production and operating 
to offer an extra 10% price savings on our big economies in thousands of plants. Two great lines: Power- 
“stock” selection of: Packed Model H for 3000-5000 psi and Job-Rated Model J 
Model “H” (Hyd.) Cylinders, 142” through 8” bores; for 500-2500 psi. All bores, strokes and mounting styles. Big 


Model “J” (Hyd.) Cylinders, 142” through 14” bores; “Stock” selection for immediate shipment at substantial 
Model “A” (Air) Cylinders, 142” through 14” bores. savings. 
Strokes up to 36”, cushioned and non-cushioned. 


Write for literature. 


MILLER FLUID POWER 


7NO18 York Road, Bensenville, Illinois 


Full Details On Request 




















VULCAN 
BAND HEATERS 


Vulean Cylindrical Band 
Heaters are especially designed 
for plastic molding and extrud- 
ing machines, tanks, pipelines, 
autoclaves, and similar applica- 
tions. An aluminized steel 
sheath, together with a special- 
alloy, tight-gripping clamping 
band, assures long life. Heating 
element is precision spaced for 
uniform heat. 

A wide range of diameters 
(from 1%” to 18” or more) is 
available to fit most assemblies. 
Special widths, sizes, and ma- 
terials can be engineered to 
individual requirements. 

Vulcan Band Heaters are a 
modification of the popular 
Strip Heaters which efficiently 
heat practically any surface. 
Write for catalog and prices. 





a ELECTRIC COMPANY, Danvers, Mass. 
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Cleaner clothes by channel action 


Close on the heels of Britain’s tumbler 
washer and Japan’s do-it-yourself unit 
(PE—Aug 15 ’60, p 32) comes a new 
Belgian idea, claimed to combine the 
advantages of agitator and _ gyrostat 
while bypassing their disadvantages 
(slow speed, excessive wear and tear 
on clothes). Called the Turbo Vibra- 
tor, the new unit is basically a_plate- 
and-ring combination (see diagram), 
designed to create high- and low-pres- 
sure jets of water that force detergent 
through the clothes and achieve the 
washing action. Plate rotates at about 
650 rpm. National Electro Construc- 
tion, Wavre, Belgium, designed it. [ 








ai 








WASHING-MACHINE GYROSTAT 
drives water from ring area through 
channel by centrifugal force, creating a 
high-pressure zone in the channel and a 
low-pressure zone in the ring. At the 
same time, rotation of the plate dis- 
places these zones, creating a vibration 
that provides additional cleaning action. 











Lube joins spray array 


A lubricant that won’t make rings or blotches, and a detergent that will remove 
things that do, are among the new aerosol-spray products announced by DuPont. 

The lubricant, called “‘Slipspray,” is a fluorocarbon that can be sprayed on 
glass, metal, plastic, or leather. It resists attack by water, oil, and solvents, 
and will help prevent corrosion, DuPont says, on battery terminals, guns, and 
workshop tools. Suggested price is $1.25. 

The detergent, although originally aimed at removing bathtub rings, is 
turning out to be just the thing for white-sidewall tires and chrome auto trim. 
It’s being test-marketed in the East, will soon be available nationally. General 
Aerosols Inc is distributing this one, in an 8-oz can priced at 79¢. 


A spade that also opens bottles, 
pulls nails, and can be used as 
a hatchet, saw, or hammer is 
being introduced by Designs 
Modern of Carmel Calif. It’s 
16 in. long, weighs a little over 
a pound, and comes complete 
with its own leather sheath. As 
the picture shows, one edge is 
serrated to act as a saw; while 
the other serves as a hatchet, 
The hammer-bottle-opener is 
attached near the base, and the 
center hole does the nail-pull- 
ing. The price: $5.95. —ARG 


Spade doubles, redoubles 


A CORRECTION: Darien, Conn, 20 Blueberry Lane—that’s the correct address 
of Country Engineering Co, source of the Polyangle drawing aid mentioned in 
our Jan 16 issue. It is the ruling device that comes complete with its own 
carrying case, for $1.95. 
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STAR 
PERFORMER 


Madison-Kipp zinc and aluminum die castings 


Impellers for a ventilator pump must be held to ex- 
tremely close tolerances. 
Madison-Kipp showed the way to produce these 
parts with a bare minimum of secondary operations. 
If it is an intricate shape, a question of close toler- 
ance, a problem of casting-in inserts or just a depend- 
able source for quality castings in quantity, the engi- 


micanntn [Z 


Pamricimanr : e £ 


Skilled in Die Casting Mechanics + Experienced in Lubrication Engineering 
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neering skill, die making experience and years of 
manufacturing background of Madison-Kipp are 
available to you. 

We have a 24-page book showing some of the die 
casting problems we have solved, and containing in- 
formation on other Madison-Kipp products. A copy 
is yours for the asking. 


MADISON-KIPP CORPORATION 


206 Waubesa Street + Madison 10, Wisconsin, U.S.A. 


¢ Originators of Really High-Speed Air Tools 
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NEVV DEPARTURES IN MINIATURE 


® 


HOW TO GIVE ON-THE-NOSE GUIDANCE TO MODERN “FISH” 


UNIQUE N/D LINEAR MOTION BEARING FREES GYRO CAGING ACTION 


The bearing illustrated is an N/D linear motion precision instrument ball bearing. It was 
specially designed and built to help solve a critical problem in the guidance system of a 
high speed anti-submarine torpedo. 

PROBLEM : 1 oss of accuracy in torpedo’s guidance system due tc hang-up of caging arm 
in gyro assembly. 

SOLUTION: N/D Sales Engineer, in cooperation with manufacturer, found that wear of 
bushing on caging arm caused hang-up, delaying guidance activation. N/D Engineers 
set to work to design and build an instrument bearing that operates virtually friction- 
free. The result: Preservation of the guidance system's pin-point accuracy and reliability. 


Should you require ball bearing design information, invite the local N/D Sales Engineer to 
participate in your early design discussions. He represents one of the industry's largest 
engineering staffs devoted exclusively to the design and development of 

miniature and instrument ball bearings. Or, write for new Miniature and 

Instrument Ball Bearing Catalog, Department L.S., New Departure, Division 

of General Motors Corporation, Bristol, Connecticut. 


This special N/D linear motion 
instrument ball bearing increased 
guidance reliability of ASTOR 
torpedo weapon system devel- 
oped by Westinghouse. 


NEW DEPARTURE 


MINIATURE AND INSTRUMENT BALL BEARINGS 
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PRODUCT 
ENGINEERING 


The Greater Responsibility 


Said C. P. Snow, the eminent English author and scientist, at the recent 
AAAS mecting in New York: “All physical scientists know that it is rela- 
tively easy to make plutonium. We know this, not as a journalistic fact 
at second-hand, but as a fact in our own experience. We can work out 
the number of scientific and engineering personnel it needs, for a nation 
state to equip itself with fission and fusion bombs. We know that for a 
dozen or more states, it will take perhaps six years, perhaps less. (Even 
the best-informed of us always exaggerate these periods.) This we know, 
with the certainty of engineering truth. . . It throws upon scientists a 
direct and personal responsibility.” 

He goes on to call the restriction of nuclear armaments a risky business, 
but the unregulated alternative a certainty of disaster. He draws a second, 
similar problem in that scientists and engineers know how to transform 
the physical life of the “have-not” world, and within our life span, to 
end the poverty and want of millions of people—if they can only break 
down the barriers, mental and physical, that prevent such a development. 

This is a distasteful idea to many of us. We prefer to discover and 
develop, then leave it to diplomats and governments to handle. We 
recognize the inherent danger to ourselves in accepting any responsibility 
for our creations, or we feel inadequate to cope with the broad implica- 
tions. 

Yet current events indicate that those who now have the responsibility 
cannot cope with it either. The major reason appears to be that they 
cannot overcome their own individual limitations, cannot cut loose from 
personal ambition or local advantage. 

rhis we are trained to do—to view problems dispassionately and to 
decide them objectively. We have the added advantage that, in this mod- 
ern world, we alone understand the technological advances that are 
changing the patterns of living and of government. 

here is great value in knowing what you're doing, whether it be in 
engineering, in government, or in the broader business of living. And 
there is great need for doing something positive to control our environ- 
ment before the Juggernaut we are creating runs us down. 

Sir Charles is right in his belief that we must show moral responsibility 
of a high order to meet the “challenges to our intelligence and to our 
moral nature as long as man remains man. . . A challenge is something to 
be picked up. . . The world community of scientists (and engineers) has a 
final responsibility upon it—a greater responsibility than is pressing on any 
other body of men.” 


February 13, 1961 





DYNAMIC POWER CONTROL 
by ROGKFORD CLUTCH 


EXTRA THICK FACINGS GIVE LONGER LIFE 


Rockford Clutches have maximum thickness 
facings .. . up to 1/32” more friction material. 
Only the highest grade materials are used. 
Rockford’s extra long-life facings reduce scoring 
and greatly cut costs of downtime, replacer ont 
and labor. 


TORTURE PIT TESTING ASSURES 

SAFE OPERATION 

Torture testing pits burst clutches to bits! At 
specified intervals, clutches are removed from 
the production line to undergo severe centrifu- 
gal tests. These clutches are spun to destruc- 
tion but must withstand predetermined high 
speeds and specified time limits. 


STRONG CONSTRUCTION WITHSTANDS 
RUGGED SERVICE 

Corrosion resistant discs are made of high car- 
bon spring steel. Heat treated cast iron im- 
proves grain structure of pressure plates. Strong 
construction is Rockford’s key to long and 
rugged service. 


VIBRATION-FREE CLUTCHES OFFER 
SMOOTHER ENGAGEMENTS 

Smooth engaging Rockford Clutches are vibra- 
tion-free! Rockford Clutch eliminates vibration 
through dynamic and static balancing. Clutch 
vibration can ruin bearings and crack housings. 
Minimum inertias prevent gear clashing and 
delayed shifting. 


PRECISE PRODUCTION MEANS 
PRECISE PERFORMANCE 


Each Rockford Clutch component is precision 
built. Rotary surface grinding assures uniform 
thickness. Discs are checked carefully for dish 
and run-out. Inspectors check close tolerances 
for flatness by pressure and weight-drop drag 
machines. 





If you need clutches for original equipment or 
for replacement, Rockford Clutch offers the 
highest quality in power control. From re- 
search to inspection, Rockford Clutches are 
designed and built for long, rugged and reliable 
service. Rockford offers an ultra-wide range of 
power controls for all industries. Write today 
for illustrated brochure. 


ROCKFORD CLUTCH BS erin 


209 CATHERINE STREET, ROCKFORD, ILLINOIS 
Export Sales Borg-Warner International * 36 So. Wabash, Chicago, Ill. 
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special report 


electromechanical? semiconductors? magnetic? 


E L RUDISILL, applications engineer 
General Purpose Control Dept 
General Electric Co 

Bloomington, III 
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WHICH 
DECISION-MAKING 
ELECTRICAL 
CONTROL? 


The choice no longer is limited to electromechani- 
cal devices; you must know about the other types 
as well. Here the author tells when to use each, 


and just what the practical limitations are. 


A simple machine-tool control that operates no more than 10 million times 
can be controlled cheaper and better with the well-known electromechanical 
relays as the decision-making elements. But many other applications call for 
one of the new static (nonmoving) types. A materials-handling machine that 
must sort and remember many objects needs multiple inputs and a memory— 
just the job for magnetic amplifiers. And if operation must be extremely fast, 
such as in computers, semiconductors are best (here, of course, some magnetic 
elements are needed to provide retentive memory). 

Each type of device—electromechanical, magnetic, semiconductor, or a com- 
bination—is available as modules from many manufacturers, and experienced 
people are available to help you design your decision-making control. But first 
you have to decide on the type. 

Selecting the right decision-making “logic” control would be easy if one of 
each type could be demonstrated in the actual application. But you must make 
the choice of a control system before the components are selected. 

Since it is impractical to try out several systems beforehand, designers usually 
stick to the familiar systems—usually the electromechanical ones—even though 
another choice might work better. On the other hand, some are too quick to 
specify semiconductors and other static elements in an attempt to eliminate con 
ventional relays entirely; this can be a costly mistake if the application is wrong 

You can avoid these mistakes by making a logical preliminary choice. Thi 
article will show you how to do it, even if you are not a circuits expert 


continued, next 


REPRINTED—Circle 584, inside back cover 





WHICH DECISION-MAKING ELECTRICAL CONTROL? continues 


is 
“ie 
: 


LIGHT-DUTY RELAY encapsulated 
in an inert atmosphere to prolong 
contact life. 


MACHINE-TOOL RELAY has been developed 
for simple control systems that operate less 
than 10 million times during life of machine 


WHAT IS A DECISION-MAKING CONTROL? 


“Decision-making control” is the general name for any 
switching device or control that responds to an input signal 
by initiating some “logical” action elsewhere in the ma 
chine or process. It receives information from pilot devices, 
such as limit switches, pushbuttons, temperature sensors, 
float switches, and selector switches. 

Power level is low because the function is to initiate an 
action, not switch full power. The ordinary relay, for ex- 
imple, can receive an input signal from a limit switch, 
and respond by signaling a heavy-duty contactor to shut 
down a motor. 

The two principal forms of decision-making controls are 
electromechanical and static (nonmoving). Only pack- 
aged, digital types are covered in this article. Analog types 
such as potentiometers and amplifiers are not considered 
decision-making controls. 

Conventional relays and timers are fairly well known; 
crossbar switches and some of the new static modules are 
not as common. This brief review of each type is a first 
step in choosing among them. 


ELECTROMECHANICAL CONTROLS 


Machine-tool relays 


Functionally, a machine-tool rclay is a_ single-input, 
multiple-output switch operated by a solenoid. It has 2 
to 12 poles, and is normally rated at 10 amps up to 600 
v de. Simple and sturdy, it is the most widely used type 
in industry today. 

Its contacts can be replaced, or changed from normally 


38 


open to normally closed, and coils can be readily changed 


for different supply voltages. Some special features avail- 
able are: combinations of normally open and normally 
closed contacts, overlapping contacts, and latching-type 
mechanisms that hold contacts closed to perform a mem- 
ory function. For such latching, there is a separate input 
coil and operating coil to unlatch and deenergize the con- 
tacts. 

Size and cost are better known for these conventional 
relays than for other types, therefore certain values in the 
performance table on p 46 are given as relative percentages 
based on the machine-tool relay. 


Light-duty relays 

Often called “telephone type” because this was one 
of the first applications, light-duty relays are similar 
to machine-tool relays but are smaller and less sturdy. 
Ratings are lower: typical max contact values are 250 v and 
2 to 5 amps. 

Variations in design include hermetically sealed, mer- 
cury-wetted, and specialty types such as the stepping relay. 
The hermetic type usually contains an inert-gas atmos- 
phere, which makes performance more reliable. Open 
versions, however, can carry higher loads and have longet 
life if the environment is free of contaminants. 

Mercury-wetted relays have the contact-supporting struc- 
ture mounted in a pool of mercury so that the contacts 
are wetted to give greater reliability and longer life. 

A stepping relay has an armature that rotates in “‘steps” 
from contact to contact, depending on the signal to the 
armature. Some of these can make and break 70 different 
contacts per second. 
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Small size of the light-duty relay has these disadvan 
tages: electrical connections are difficult to make, contact 
malfunction is hard to check (particularly if relay is 
sealed), and overload margin is less. Manufacturing qual 
ity is of utmost importance and a higher-cost relay usu 
ally reflects the greater attention given to reliability. 

However, mechanical life of a good light-duty relay can 
be extremely long—as much as 100 million operations 
if electrical load on the contacts is negligible. Contact 
life and reliability depend on voltage, current, transient 
peaks of voltage and current, and physical environment 
Environment has the greatest effect on reliability, and 
many light-duty relays have dust covers or hermetic en 
closures for that reason. 


Crossbar switches 


A crossbar switch is a mechanical matrix or lattice of 
contact points, actuated individually or in groups by sole- 
noids. The oldest type has true crossbar conductors. 
That is, there are vertical bars crossed with horizontal 
bars, arranged in a lattice—a contact point results when 
one vertical bar is forced into contact with one horizontal 
bar. Terminations are made at the end of each bar, and 
the function of the switch is to form a mechanical and 
electrical connection between any vertical bar and any 
horizontal bar. There is one solenoid to operate each bar; 
thus two solenoids must operate to produce one crosspoint. 
Once contact is made, one solenoid will normally main- 
tain the crosspoint. 

l'oday there are many variations on the simple crossbar 
relay. For instance, the scanner type has all the cross 
points fed into a single output so that each input signal 
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CROSSBAR SWITCH made by James Cunningham, Son 
and Co Inc—designated type-F, it has individual leads from 
each of its 200 magnet-controlled crosspoints. 


ROTARY STEPPING RELAY made by Automatic Electric 
has its movable contact assembly spring-driven step by 
step with a ratchet-and-pawl operated by an electromagnet 
Speed is about 50 steps per sec self-interrupted; there ars 
25 contact points in each of the 12 banks 





MOTOR-DRIVEN TIMER has synchronous motor, gearing and clutch; 
gives time delays accurate to 0.5% of set value 


PNEUMATIC TIMERS have contacts mechanically restrained by a 


pneumatic 


diaphragm—its movement depends on how fast air is 


allowed to leak out, is adjusted by turning orifice screw at bottom. 


(from different sources) can be relayed to the same point 
(output relay or instrument). 

The group-to-group type connects one or more input 
groups to one or more output groups, allowing one or 
more groups of signal transmitters to be connected to 
one or more groups of receivers. 

Individual electromagnets for each crosspoint are fea- 
tured in another type. The function is the same as a 
large number of individual relays with common inputs or 
outputs, but the crossbar version is more compact and 
needs no bus wiring. 

Crosspoints of crossbar switches are normally multiple- 
pole, and most manufacturers offer up to six circuits per 
crosspoint. Used in conjunction with stepping relays, the 
total possible number of input-output combinations is 
great (it’s the product of the number of poles per cross- 
point and the number of input-output combinations in 
the crossbar switch). 

Current ratings in crossbars are usually less than 1 amp, 
noninductive. For longest life, recommended current is 
100 milliamp at 100 v de. Clean environment is manda- 
tory because of the large number of moving parts. Life 
can be as long as 100 million operations under very good 
conditions, and 20 million for ordinary conditions. Con- 
nections are made with multiple connectors, taper tabs or 
by soldering. 
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Time-delay relays 

A time-delay relay holds up operation of its contacts 
for an adjustable time interval after the input signal is 
applied. The contacts can be initially closed (or initially 
open) so that the switch will have a time delay before 
opening (or before closing). The delay mechanism is 
normally a motor, a heated bimetal element, or a pneu- 
matic diaphragm-orifice combination, but there are also 
special types such as spring-wound and electronic. 

Pneumatic timers achieve delay by drawing a specific 
volume of air into a chamber through a small orifice con- 
trolled by a needle valve. A plunger attached to the 
diaphragm assembly that is part of the air-chamber surface 
actuates a switch after it has travelled a specific distance. 
Delay intervals from approximately seconds to 3 
minutes, continuously adjustable over the entire range, 
are available. Repeat accuracy is plus or minus 10%, and 
average life runs from 5 million to 10 million operations. 

Typical contact ratings are available up to 25 amps 
max at 110 v ac, and 7.5 amps max at 600 vac. Actuating 
forces are quite small, so miniature-type contact blocks 
are used. One or two blocks supply the instantaneous 
contacts for starting the sequence, and one or two blocks 
are for timing out. Each block has one normally open and 
one normally closed contact, with a common terminal to 
both contacts. 
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WHICH DECISION-MAKING ELECTRICAL CONTROL? continue: 


The time delay can be made to occur upon energization 
or deenergization of the time-delay actuating solenoid, 
depending on its mechanical arrangement in relation to 
the pneumatic diaphragm. 

Motor-driven time-delay relays normally have a small 
synchronous motor working through gearing and a clutch. 
They are very accurate (+0.5%) and are available in a 
timing range of 3 sec to over 6 hours. The motor-driven 
type is more versatile than a pneumatic timer; some can 
program a complete machine operation and allow indi- 
vidual adjustments of each time cycle. Such timers are 
widely used in the food- and chemical-processing industries. 

Thermal time-delay relays apply heat at a fixed rate to 
bimetal or differential-expansion elements until mechanical 
movement closes or opens the contacts. ‘Time interval 
is set by adjusting the gap or preload, and can be from a 
few seconds to several minutes. Reset time (cooling 
interval) is generally of the same order as the operating 
time. These devices are compact and inexpensive, but 


repeat-accuracy is influenced by variations in line voltage 


and ambient temperature. 

There are other timers, but none quite as widely used. 
For example, electronic timers with no moving parts 
create time delay with resistance—capacitance networks that 
can be adjusted through a wide range, remotely. Time 
delay is a function of charging voltage, and line variations 
will affect repeatability. For long delays, the reset time is 
a large fraction of the operating time. Shelf life is limited 
when electrolytic capacitors are used. A typical application 
for an electronic timer is in an automatic welding machine, 
where easy, remote adjustment through a wide range is 


desirable. 


STATIC CONTROLS 


Static switches and relays are so named because they 
have no moving parts. The switching is a solid-state phe- 
nomenon. Each available static module has a different 
arrangement of elements inside, depending on the manu- 
facturer; but most of them are based on semiconductors, 
magnetic amplifiers, or combinations of both. 

Vacuum tubes will also work as switches and relays, but 
are not commonly used because they are relatively bulky, 
fragile, subject to filament burnout and have greater heat 
generation than semiconductors and magnetic amplifiers. 

Static systems are designed to perform the same control 
functions as electromechanical systems. The major func- 
tional difference is that static relays usually have multiple 
inputs and a single output, and ordinary relays have a single 
input and multiple outputs. A second difference is that 
most static elements are designed for decision-making cir- 
cuits and have low power-level output—so amplifiers are 
needed to energize a power element such as a solenoid or 
relay. 

Major advantages of static systems are: absence of mov- 
ing parts, eliminating wear; high speed; protected en- 
closures that help keep the controls extremely reliable and 
allow them to operate in dirty, dusty, damp and even mild 
corrosive environment; and modular logical design that is 
easy to apply once understood. Cost of static systems is 
somewhat higher, and size of a complete system may be 
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larger or smaller than an equivalent electromechanical 
system, depending on the application. 


The new logic 

New design techniques have been developed to take 
full advantage of static controls. Outstanding among these 
is the “logical” technique of system design, in which all 
circuit functions are written in symbolic logic. The logic 
functions AND, OR, NOT, MEMORY and DELAY can 
be made to represent all circuit functions in any system. 
Much has been published in Propucr ENGINEERING on 
this topic (see Editor's Note) and it will not be covered 
here. 

This new logic system or one of its variations is the 
basis for the design of all static modules. The two com- 
monest systems are the functional logic system (AND, OR, 
NOT, MEMORY, DELAY) described above, and the 
redefinition logic system in which a single functional ele 
ment—the NOR-—is manipulated to produce the logic 
functions. Two other systems are also used: multifunction 
logic modules are custom-designed for particular applica- 
tions; and logic-amplifier combinations are available where 
module current output must be great enough to operate 
power relays. Here is how the four systems compare. 


Basic logic-function components 


In this basic-logic system, five logic functions—AND, 
OR, NOT, MEMORY and DELAY~—are manipulated to 
express all control functions. This concept has been a 


TYPICAL BASIC-LOGIC MODULE is this OR element. It 
has an output if any one or any combination of the inputs 
is energized. Circuit diagram shows how magnetic ampli- 
fiers serve this function. 
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standard in the computer field for a number of years. 
You can easily write a functional specification for a control 
in logic terms that can be translated almost directly into 
a logic function diagram. It is so direct that some 
designers use the technique for all circuits, converting 
back to ordinary electromechanical-relay logic only when 
necessary. 

Most modules of this basic-logic type on the market 
today contain magnetic amplifiers (see sketch) because 
they have the multiple inputs needed, and can retain a 
signal (retentive memory). It is therefore important to 
have some grasp of how magnetic amplifiers work. 

A magnetic amplifier fundamentally is a special reactor 
(an inductive winding called a gate) with a saturable 
magnetic core and a multiplicity of windings to drive the 
core in or out of saturation. The switching action occurs 
when the core goes from one state to the other at the 
urging of one or more control windings: one moment the 
gate winding behaves as a high impedance but the next 
moment the core saturates and the gate presents a very 
small impedance. There are dozens of ways to exploit 
this phenomenon, all thoroughly covered in published 
literature. Sufficient here to point out that the modules 


Seven useful logic functions 





are simple to use because they are supplied with the 
function built in. 

In general, a proper electrical signal applied to the 
proper input winding results in an output. Logic functions 
AND, OR and NOT are easily arranged. And with 
special design, the device can remember its last output 
even if power is temporarily lost, because of the magnetic 
retentivity of the core. This last characteristic is impor- 
tant, and cannot be duplicated by ordinary semiconductors. 

Time-delay magnetic-amplifier devices are also available, 
and are adjustable in ranges covering 0.15 to 20 sec. These 
are only used in circuits that include other magnetic 
amplifiers. 

Output of most basic-logic modules is considerably less 
than 1 watt, which is insufficient to drive a solenoid, 
solenoid valve or contactor, so amplification of power is 
required. Static amplifiers, such as power transistors, 
controlled rectifiers, and large magnetic amplifiers, will 
boost the output sufficiently, but these elements are expen- 
sive. Therefore, most users of static controls will select 
electromechanical output relays for the job. 

An output relay can be driven directly from a logic 
element or a preamplifier, and normally has a contact 





Function 


Contacts 4 


Relay Equivalent 


B C 
AND ~ —SHHHtK- — 


ele 


EXPLANATION 


There must be inputs at A, B and C to estab- 
lish and maintain an output. Shown is a 
3-input AND, other versions have from 2 to 
several dozen inputs. 


An input at A, B or C (or any combination) 
is sufficient to establish and maintain an out- 





put. There can be any number of inputs— 
this version shows 3. 


Normally 
Output is obtained only when there is no in- 





wr” closed 
' 


put. An input will turn off the output. 


A NOR is simply a multiple-input NOT. This 
version has 2 inputs: there will be an output 








if neither A nor B is energized. If either 
input is energized, output stops. 





Off 
MEMORY 


Off-return 


On Control relay coil 
oues 


A momentary input produces a sustained out- 
put. Loss of power automatical’y opens the 
output circuit; it won't turn on until power 
returns and the “on” button is pushed again. 





Retentive 


A momentary input produces a sustained out- 
put. Loss of power does not open the circuit, 








and device will remember its last position when 
power returns. 








Sketch shows delayed closing, but other ver- 





TIME DELAY 


sions are normally closed and have delayed 
opening. 














—  O- 
Timed closing | 
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rating equal to or above that of the largest static-type 


power amplifier. Output relays are considerably smaller 


than power-type magnetic amplifiers, do not generate 
heat, and conform to codes which require that both power 
leads of solenoid loads be broken on both sides. 

Most of the control elements—and all of the decision- 
making elements—can still be static, even if some electro- 
mechanical relays are needed for output. And the decision- 
making elements usually operate many more times than the 
output elements, taking full advantage of the longer life of 
static elements. Another advantage in keeping the logic 
portion of the circuit static is that a static system can be 
checked out more easily and positively than an ordinary 
relay system if monitor lights are available 


Multiple-function logic components 


For repetitively manufactured controls of highly 
complex nature, it sometimes pays to combine two or 
three logic functions into a single module. Examples are 
interlocking controls for steel-processing machinery and 
for other heavy machinery: variations among interlocking 
circuits are relatively few. However, it takes a highly 
skilled control engineer to design circuits that efficiently 
use all elements available in these multiple-function 
modules. 

The simpler basic-logic modules are less expensive than 
the multiple-function units, which are so specialized that 


MULTIPLE-FUNCTION MODULE here is a binary counter. 


they are normally sold only as part of a complete engi 
neered system wherein the control manufacturer takes 
responsibility for operation of the controlled process. The 
control is only a small part of a large and expensive system, 
and will usually be specified by the manufacturer who gets 
the over-all job. 


Logic-amplifier combinations 


Where logic requirements are very simple but static 
control is needed for other reasons—severe duty cycle, 
mandatory reliability, adverse environments—an amplifier 
with a number of isolated input windings will often do 
the job. The windings can perform the logic functions 
with help from external components such as capacitors, 
rectifiers and resistors. Special engineering ingenuity is 
required, but such do-it-yourself logic can be less expensive 
than an equivalent packaged-logic system. 

However, beware of these pitfalls: 

Much of the custom-built logic depends on close balanc- 
ing of ampere-turns in the various windings for correct 
operation. 
voltage regulation, which is not required with magnetic 
and semiconductor systems designed specifically for logic 


Therefore these systems require close input- 


circuits. 

Logic-amplifier combinations are usually slower than 
pure logic systems. Turn-on time can be as great as § to 
10 cycles for the larger size magnetic amplifiers, and the 


CONTROL Bias, 
rr 


CENERAL © ELECTRIC 
rempnistal 


ST95Y19@2 


LOGIC-AMPLIFIER COMBINATION is a large- 
size magnetic amplifier with bias and control 
windings to allow some decision-making within 
the device. 


It 


contains NOR circuits and is essentially made up of semicon- 


ductors and resistors, 
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NOR-LOGIC MODULE shown in schematic is 
based on a transistor. There will be an output 
from a NOR only if there are no inputs. (The 
cover of this issue shows a group of NOR’s in 
a control panel.) Below schematic is a “truth 
table” for a 2-input NOR. The table lists all 
possible combinations of input and gives the 
resulting output for each. The 1’s indicate sig- 
nals; the 0’s, absence of signals. 


turn-off time will be even greater, depending on the 
output load at the time of deenergization. Some magnetic 
amplifiers require as long as 20 or 25 cycles to turn off after 
loss of input if the driven load is small compared with 
amplifier rating. 

['rue cost of a logic-amplifier combination is influenced 
by the additional labor to mount and wire the external 
logic-forming components. Some manufacturers supply 
complete magnetic amplifiers, including power supplies, 
but others supply only the reactor portion of the magnetic 
amplifier and not the rectifiers, resistors and power supplies. 


Redefinition logic—the NOR 


The NOR unit is a multiple-input NOT unit in which 
any input or any combination of inputs produces no 
output. A NOR is really an OR-NOT unit—input 1 or 
input 2 or input 3 or any combination of 1, 2 or 3 will 
cause the output to be in the off state. The word NOR 
is a contraction of OR-NOT. 

“Redefinition” of a NOR function means the arrange- 
ment of two or more NOR’s in series or parallel configura- 
tion to produce the basic-logic functions AND, OR, NOT 


4d 


and nonretentive MEMORY. For example, two NOR’s 
in series become an OR, because when the first NOR has 
no output the second has an output. Retentive MEM 
ORY and DELAY require other types of units. 

Total number of NOR’s for any given circuit can be 
reduced in the final design by combining the “inverted” 
forms. A simplified example is where 3 NOR’s show up 
in series: 2 of them can sometimes be eliminated because 
if the number of them remains odd (1, 3, etc.) there still 
will be no output whenever there is any input. 

NOR’s are usually made with transistors because their 
size, cost and response time are more suitable than for 
magnetic amplifiers. When the transistorized NOR unit 
(sketch on this page) is in operation, an input voltage 
applied to one or more input terminals will turn off the 
output. 

NOR circuits take considerably more training to design 
and service than the basic-logic elements. Also, checking 
out a circuit to relate each control function to the machine 
operation is complicated: troubleshooters usually need a 
“truth table” to analvze all the NOR units to find the 
faulty input or lack of input. 

Advantages of NOR units are: transistors are very small 
and many NOR circuits can be packaged together. ‘This 
helps manufacturers of multifunction logic units which are 
custom-engineered. However, wiring and signal tracing 
is harder when units are packed closely. 

Transistor units are extremely fast—they can respond in 
several microseconds, useful in counting and high-speed 
gaging circuits. There is an increasing trend toward such 
fast-operating controls, but improvements must first be 


made in response time of the amplifiers that convert the 
decision signal to mechanical force. And logic units with 
response time that is too short can have the fault of accept- 
ing contact bounce from a limit switch or other pilot device 


as a discrete signal—this will cause an incorrect count or 
improper sequencing. 


HOW TO USE THE TABLES 


The “Performance” table on page 46 gives answers 
to questions commonly asked, such as: How big is the 
device? How much current can it carry? How fast does 
it respond? How easy is it to use? It avoids details of 
individual design, such as number of control windings on 
a magnetic amplifier, internal heat dissipation of a tran- 
sistorized module, data on contact reliability. 

This table also eliminates mention of high-temperature 
and vibration limitations. These vary greatly among 
manufacturers; however, most meet the requirements of an 
average industrial application: ambients from 0 to 130 F; 
ordinary handling and vibration. If needed, there are 
special devices made for military environments, where 
typical ambient temperatures are from —85 to 255 I’, and 
the appropriate levels of mechanical shock are defined in 
military specifications. 

Details to look for in considering each design are 
shown in checklist on next page. These are questions 
to ask when consulting the control manufacturer. Also, 
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WHICH DECISION-MAKING ELECTRICAL CONTROL? continued 


Checklist—what to watch for in typical controls 





Light-duty 
Relays 


Motor-driven 
Timers 


Static-logic 
Medules 





Method and ease 


— of mounting and 


Ease of mounting and wiring wiring 

Contact reliability under all conditions Voltage and cur- 

Ease of correct inspection and coil 
change 


rent, including 
transients 


Suitable environ- 


a saaaie 


inspection 
Data on life in expected environment | Contact reliability 


and life under 
Absence of residual magnetism as pole} _ alll conditions 
faces wear 


Ease of replacing 
Speed of pickup and dropout 


Legibility of markings for contact and| ose of contact 
coil ratings 


whole unit 


Closeness of max pickup and min) Availability of re- 
dropout voltage placement units 


Absence of chatter at low coil voltages 
Availability of service and parts 











Panel space 
Ease of mounting 
Contact arrange- 
ments 


Simplicity of understanding the 
device 


Panel space 

Ease of mounting and wiring 

Timing range and} Flexibility for use in new cirvits 
ea a: Legibility of rating markings 


Flexibility of 
justment Absence of complicated or numerous 
- adjustments 


Regresing Speed of response and reset 


required 
Operation with apovin 8 seivice and replace- 


fluctuating 
Max voltage tolerance of system 


voltage 

for 
Availability of Reliability of components including 
associated pilot devices 


service and 
parts 
Ease of amplification of logic output 
signal 


Cost 














the checklist will help you decide between two apparently 
suitable systems: choose the one whose limitations you 
can best handle. 

For example, suppose that a crossbar switch and a 
static-logic module are being compared, and both seem to 
meet the general requirements for your application. If 
your choice is the crossbar switch, then some of the first 
questions to be answered are: ‘Are the contacts suitable 
in the conditions of the application?” “Will ‘here be 
a wiring problem because of the multiple terminais?” If 
static-logic is the choice, your first question might be: 
“Can I understand it?” 

Or suppose the choice is between a machine-tool relay 
and a light-duty relay. For the first, you should discuss 
availability of spare parts and servicing. For the second, 
which is more likely to be replaced than repaired, source 
of replacement units is more important than available 
service. 


EXAMPLES: 


1. Simple machine tools, (under 10 million operations) for 
normal industrial environments. Most machines fit these 
requirements, and the machine-tool relay was designed to 
meet them. It is simple, sturdy, adaptable, and has high 
load-carrying capacity. Other types of control can be 
used but none do as good a job for the same price. Ex- 
ceptions are machine controls designed to operate in 
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extremely poor environments such as that in foundries, or 
where extreme reliability is required. Here, static controls 
may cost less in the long run. 


2. Simple machine controls (over 10 million operations). 
Here the choice widens, depending on the desired life, 
magnitude of the loads, and reliability required. In general, 
this is still a relay type of application. Here again, if the 
requirements are severe enough, some form of static control 
should be considered. If the environment is exceptionally 
clean, and the loads are within ratings, the light-duty relays 
may be considered. 


3. Complex machines (under 10 million operations) 
for applications such as continuous machining or welding 
processess. The machine-tool relay will prove most 


economical and should be chosen where possible. 


4. Complex machines (over 10 million operations). 
Static controls will prove most economical to maintain. 
The basic-logic type (AND, OR, NOT, MEMORY, 
DELAY) offers minimum panel downtime, reliability in 
poor environments, and easy maintenance by competent 
electricians. 


5. Machines with small signal inputs, such as gaging and 
testing machines. Light-duty relays can be used to real 
advantage. If the testing equipment operates on a scan 


text continued, page 
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PERFORMANCE OF DIGITAL “LOGIC” 


DEVICES 








All are typical values 
(not meant to be “average” 
or “maximum”") 


Approx dimensions of typical element, in. 
(does not include panel or accessories) 


Size of complete control panel, given as ratio 
of actual volume to volume of machine-tool 
relay panel 
Rating of element (nominal): 

| Potential, v 


| Continuous current, amp (noninductive) 


CONVENTIONAL RELAYS (Single Input, Multiple Outputs) 


Machine-tool 
Relays 


2%ax3x4 


1:1 


600 


Light-duty Relays 


Hermetically 
sealed 


Waxl%x2 lxlAx 





| 10 (inductive) 





Typical power, w 


Coil-supply frequency, cps 
Voltage tolerance in system, % rated v 


Response time per function, millisec 


Energy level of input, w 


Retentive memory possible? 


Environment and mounting 
Recommended environment without 
special enclosures 


Performance if dusty or damp 

Sensitive to mounting position? 
Normal life, operations: 

Mechanical, 1,000,000's 


Full electrical load, 1000's 


Typical applications 


Approximate cost of element, $ 


Cost of compiete panel, given as ratio of act- 
val cost to cost of machine-tool relay panel 


Ease of troubleshooting and maintenance 


Can servicemen trained on ordinary relays 
handle troubleshooting? 


Yes (mechanical latch) 


Industrial 


Fair to good 


Usually 


10-40 
5000-—20,000 


Machine tools, 
processes, 
material handling 


10-30 
Normal 


Yes 


| 


150 


| de-1000 de-1000 


Yes, but not 
common 
Office; very clean | Any, except 
industrial corrosive or 
explosive 


Poor to fair 


5-200 


50-5000 


25-100 
Aircraft, military, 
and numerical 


control 


Communication, 
gaging, electronic 


A little difficult | 
because devices | 
have crowded 
wiring, are 
normally 
nonrepairable 


Not usually 


Mercury- 
wetted 


Wxl”’x2 


Excellent 


Usually 


50-500 


Long life, 
moderate-current 
duty 


Difficult because devices cannot be 
visually checked, are nonrepairable 


-electrician required 


ELECTR OMECHANICAL 


Crossbar 
Relays 


5x11x14 


Office; very clean 
industrial 


100 


Communication, 
instrumentation, 
data processing 


400 for 10 x 10 


matrix 


Difficult to compare 


A litile difficult 
because devices 
have crowded 
wiring, are 
normaily 
nonrepairable 
Yes, with some 
additional 
training 
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(includes power-type relays used in nonpower applications ) 





- ———— | STATIC (Magnetic or Semiconductor) RELAYS 
SPECIAL FUNCTION Devices | 


Basic-logic Multifunction Logic Redefinition- 
Stepping — . Modules Modules plus type 

Relays Motor- (AND, OR, (specific purpose Amplifier Building Block 
driven NOT, etc.) combinations) Combination (NOR concept) 


| | 
t | 


WxlAx3 


600 Max rating of out- § Max rating of out- | Max rating usually 
put amplifier or put amplifier is 300 v-amp at 100 v ac, 60 cps 
10 relay: 10 amp, 300 v-amp 
- —— 110 v ac, 60 cps 
6000 


de-60 25-60 
+15 +10 + § +10 
100 ms to 180 sec 100 ms to 24 hr Varies according 25-300 40 microsec 
to function 
2 milliw 4 milliw 
Yes (inherent) Yes (with magnetic core) Possible but Yes, if magnetic- 
difficult core device added 

Office; clean Industrial industrial 


industrial 


Fair to good Excellent 


Usually No No 


250 3 to 10 
Life independent of number of operations 


100 3000 to 10,000 


trol and process tools, materials control (sold only minimum decision- tools, process 
programing handling, process as system) making functions control, gaging 
counting relays) (with other relays) control, gaging, 

counting 


instrumentation, controls (used 
numerical control, | with other 


: 2 
Communication, Machinery Machinery con- Machinery, machine, Primarily process Long-life duty with | Machinery, machine 


15-200 | 25-250 6-35 Not sold os 25-250 
components 

3 or 4: 1, but in- 

cludes engineering 


Difficult to compare 1.5 of 1.7531 


A little dfficult Slightly more Relatively easy Difficult for nonengineer because circuits are not conventional 
because devices | difficult than if monitor lights 

have crowded | normal available 
wiring, are 

normally 

nonrepairable 


Yes, with some ad- | No—a service engineer or highly trained electricion required 
ditional training in 
basic “logic” | 
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WHICH DECISION-MAKING ELECTRICAL CONTROL? continued 


COMPLETE STATIC-LOGIC PANEL for large materials-handling system in an iron 
foundry has about 800 modules. Of these, abovt 33% are AND’s, 20% MEMORY’s; 
20%, OR’s; 10%, NOT’s; 2%, DELAY’s; and 15%, output amplifiers. In addition, 
each row has one spare and one power jumper-plug module. Function of panel is to 
control conveyors and other handling equipment that automatically move cope-and- 
drag halves or the finished molds through the cleanout, temporary storage, pouring, 


cooling and casting-shakeout stages. A separate control, also static, handles mold- 
making. Static control was chosen because environment is adverse, and contains 
extremely fine sand that would get into contacts of ordinary machine-tool relays. 


ning program where many inputs are fed one-by-one into 
a measuring or computing device, group-to-one crossbar 
switches are ideally suited. If environment is a problem, 
sealed relays or static control are recommended. For 
extremely high-speed applications, transistorized forms of 
static control such as NOR’s are best. 


6. Communications switching. Light-duty relays and 
crossbar switches designed for extremely good conduction 
of low-energy and high-frequency signals are best. 


7. Simple conveying systems. They rarely require much 
decision-making control except to stop all conveyors in 
back of a stoppage. Motor-starter interlock poles can 
handle this type of sequencing. Otherwise, machine-tool 
relays will do an excellent job. 


8. Materials handling involving sorting and storage. Stor- 
age requires many memory functions, because the control 
must keep track of the locations and destinations of ma- 
terial in transit from a selection area to transfer points. 
A family of circuits known as shift registers can keep track 
of the location and destination. Magnetic-amplifier logic 
elements are best by far for such jobs because they have 
retentive memory. The cost differential compared with 
relays is also reduced because the mechanically latched 
forms are more expensive than the standard relays. The 
photo above shows a typical application. 


9. Counting. Choice depends on the highest number to 
be counted, counting speed, environment and desired life. 
If the counting rate is less than 500 per minute, acceptable 
life is under 20 million counts, and environment is clean, 
a stepping switch will do the job. If the counting rate is 
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less than 500 per minute, acceptable life is higher than 
20 million counts, and environment is dirty, magnetic- 
amplifier elements are recommended. For higher speed 
counting where retentive memory is not required, tran- 
sistorized counters are best. 


10. Process controls. ‘These applications can vary from 
the simplest to the most complex, and environment can 
vary from air-conditioned rooms to areas adjacent to a 
blast furnace. Usually, however, the need for extreme 
reliability predominates and the majority of the newest 
installations have static control. Multifunction units are 
designed for this type of application; they have proven 
dependable and compatible with the rest of process control. 


For REPRINT of above article, just check 584 on one of the Reader 
Service cards bound in this issue. 


EDITOR’S NOTE—Detailed discussion of many of the 
switch and relay types, and tips on how to use them, have 
been given in these previous articles: 

How to Size Up Electromagnetic Relays, Nov 24 ’58, 
p 66—Discusses 17 important specifications, compares elec- 
tromagnetic relays with six other relay types, and lists 15 
previous articles on special relays and relay logic. 

Relays for Step-by-step Circuits, Nov 11 '57, p 101—De- 
scribes stepping relays that switch 100 circuits in sequence. 

Pneumatic Time-delay Relays, Jan '56, p 174—Has theory, 
application and circuit diagrams for air-bleed type relays. 

Switching-logic Functions, Aug ’57, p 196—Introduces the 
new basic-logic symbols AND, OR, NOT, MEMORY and 
DELAY, and shows how to use them. 

Packaged NOR-logic Control, Jan 4 ’60, p 46—Introduces 
the new NOR-module, shows how to duplicate all basic- 
logic functions, with a welding circuit as example. 

—Franklin D Yeaple 
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PRODUCT DESIGNS 


Automated 
Transcriber Reads 
Printed Numbers 


Optical pickup recognizes many type faces, 
does not require special inks. Reader scans 
200 characters per second and transcribes 
data onto punched cards or magnetic tape, 


or feeds it directly into a computer. 


Document 
being read 


—/mage of raster 


-Photo-multolier 


tinh 
Photomultiplier 1. Output to logic 


‘a 
ABCDEFGHKLMNPRS ABCD ~Video processing 


+ 





+ ; CATHODE-RAY TUBE and its associated circuits produce 
Adal 6{ T a spot of light, which traces on the tube face a number of 
T parallel lines called a “raster.” The lens projects image of 
the raster onto the character. The flying spot passing over 
the paper reflects light. White paper reflects more light 
than the black character. These variations are picked up by 
the photomultiplier cell and converted into electrical 
signals. 

Signals from each line of the scanned field are divided 
into a number of units called “cells.” Each cell registers 
either black or white (A) and this data is fed to the logic 
section of the machine where it is stored for a few milli- 
seconds. Recognition is achieved by combining the storage 
outputs through logical grating circuits. To allow for 
possible misalignment, the scanned field is larger than the 
stored field. Columns A to S represent the scan lines across 
the character; and positions 1 to 31, the storage elements of 
each column. Differentiation between two characters 2 and 
8 (B) can be obtained from the areas C-15 and N-20. When 
76 . . « Menior concgatans figures trem @ to 12 end the ++ dame both of these areas are black, a logic decision is made for 
was developed to read audit rolls from 20 in. to 48 ft long—a 8. Appropriate conditions would produce a eee 
minimum of 3 and a maximum of 2000 lines. Characters are signal for the 2. One hundred cells would theoretically be 
scanned, recognized and code signals generated in cbout 1/300 enough to identify any figure, but by dividing each — 
soc. Machine's max working speed ls 290 characters a second; into 465 cells, the recognition circuits have a quantity of 
practical speed is 200 characters a second, allowing time for redundant date waa helps identity unclear characters. 
leading and unloading. Power consumption is 6 kw, unit ie- If the signal obtained does not conform to any character, 
corporates 2 cathode-ray tubes, 212 vacuum tubes, 3496 tran- the machine will signal a reject and operator can make a 
sistors and 18,130 diodes. Called ERA (Electronic Reading Auto- correction manually. Positive character identification pro- 
mation), equipment was designed and produced by Solatron duces an output pulse; one output line is allotted to each 
Electronic Group Ltd, Farnborough, Hants, England. character. Output pulses can operate a card punch or tape 

> Biel ae punch, be stored on magnetic tape, or fed to a computer 


eae! 
See e! 

—Swom 
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| PRODUCT DESIGNS | 





Versatile Vendor 
Has Push-Pull Access 


for Servicing 


No tools needed—thumbscrews, wingnuts and 


quick-disconnects suffice when service personnel 


replace malfunctioning module with a standby, 


or switch from one product to another. 














“WIDE-OPEN” ACCESSIBILITY of unit is given by draw- 
ers, doors, and removable panels. Hinged doors, front, open 
to merchandise-storage racks, and the bin holding exposed 
film to be developed. Drawer, lower right, banks the coins 
and bills for film sold. Removable panel on totalizer pro- 
vides access to relay racks and coin mechanism. Two major 
sections of unit—totalizer and merchandise dispenser—are 
mechanically joined by piano hinge and electrically joined 
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et 


ORORRTRERTEA 





by single quick-disconnect multiple-pin plug. Both sections 
are mounted on casters for easier access to interior com- 
ponents. 

Price panel in totalizer allows serviceman to change item 
price, in increments of $.05, by simply inserting jacks in 
desired outlet. Entire pricing panel is retained by four 
wingnuts; electrical connections are quick-disconnect plugs 
Dollar-bill changer and its associated electronic chassis are 
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Acturoting arms 


located below the pricing panel, can be removed without 
disturbing other components. Cash drum at base of unit 
holds money deposited—bills and coins—until item—or 
coin-return button is pressed. Pressing the item button 
rotates drum counterclockwise, after merchandise is de- 
livered, to dump money in cash box. Coin-return button 
rotates drum clockwise to dump money in coin-return 
hopper on front face of totalizer section. 
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PRODUCT-DELIVERY MECHANISM is ac- 
tuated by item-selection button after correct 
amount has been deposited. Energized sole- 
noid compresses spring and pivots dogs into 
path of actuating arms. Shaft on which actuat- 
ing arms are mounted is rotated approxi- 
mately 90° counterclockwise, then returns. 
Actuating arms engage lowered dogs, sliding 
pusher to left and pushing product from the 
rack. Motor-driven product-ejection results in 
smooth action for first as well as last box 
delivered from racks (solenoid-powered ejec- 
tion systems can throw last few packages too 
far, damaging contents or fouling machine) 

Discharged product falls on roller-mounted 
endless belt, which delivers it directly to mer- 
chandise hopper behind delivery door. The 
return-arm slides pusher back to starting posi- 
tion and solenoid spring pulls dogs clear of 
path needed for actuating arms. Actuating 
arms for each product rack are mounted on a 
common shaft rotated by a reversible motor. 
Reversing switch and limit switch set travel 
limits as soon as motion starts. 


Limit switch 





PRODUCT STORAGE RACKS slide out of merchandise 
dispenser, giving ready access to individual product col 
umns. Coiled-spring cables for electrical connection pre- 
vent wires from fouling slides or racks. 


PS ... Originally planned to merchandise film and flash- 
bulbs, vendor can dispense any packaged product. Divid 
ing it functionally permits machine to be adapted for a 
wide range of packaged goods. Totalizer section accepts $1 
bills and coins of any denomination; indicates total on 
illuminated digital readout. The 18 rectangular pushbuttons 
on face of totalizer identify product, give price and deliver 
merchandise after correct amount is deposited. Exterior 
finish depends on location—bright baked enamel for loud 
“eye-appeal” or wocd-grain vinyl-steel laminate for more 
dignified appearance. Dasco film vendor was designed and 
produced by Creative Industrial Arts Inc, for Diversified 
Automated Sales Corp, Nashville, Tenn. 








nine lectures on 
MECHANISMS 





7... FEEDER 
MECHANISMS — 


applications 








H SCHAEDLER and G MARX 


Institute for Fundamental Research, Brunswick, Germany 
Translated by F R Erskine Crossley, Yale University mmm 2. se OTHER 


Knowing the basic hoppers, feeders, and conveyors 
will be helpful in developing new feeder combinations. 


1... EIGHT SPIRAL-SHELF HOPPERS 





Ae bao Gees Porm RAILED SHELF with a cutout carries 


only those cylindrical parts that remain 
upright. Those that fall horizontal are 
ejected through the cutout. 


4 





HOLE IN SHELF ejects those cylindri- 
cal parts that are upright, lets horizontal 
ones pass. 





INCLINED SECTION on shelf turns 
cylinders into upright position. 





AIR JET will pass cup-like pieces in the 
upright position, and eject them in any 
other position. 


(C) 





RECTANGULAR HOLE in shelf with 

spear will catch long U-shape cylinders DRUM HOPPERS. Cylindrical parts 

with open end in front, and let fall those are spaced for any suitable interval 

with open end in rear. (A) and injected to the machine 
by a ramrod. Spherical parts are 
spaced in a drum hopper with holes 

FLANGED SHELF carries T-shape cyl- (B) and gravity-fed into machine. 

inders in upright position only. U-shape parts are handled by hooks 
on the outside of the drum (C). 











CHORD SECTION on the shelf carries 
inverted T-shape cylinders only. 





NECK IN SHELF passes bolts with 
heads up or down, ejects bolts aligned 
otherwise. 
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Choosing the right design for feed hoppers and mecha- 
nisms requires intuitive experience as well as straightforward 
analysis of motions. Parts in a supply hopper normally 
have random motion; the problem is to design the feed 
mechanism so that it accepts only those parts that are 
positioned properly, and rejects the rest until they fall 
into place. Often the feeder will help guide the parts. 
Fig 1 shows eight rotating or vibrating spiral-shelf hop- 
pers of this type. Successful operation of any of these 
mechanisms depends on how well the “bugs” are excluded 


Fig 2 shows typical 


different forms and combinations 
examples). 

After parts have been arranged, the method for intro 
ducing them into the machine must be determined. Gen 
eralized methods in Fig 3 can be helpful in synthesizing 


the actual feeders. 


From the text for the Refresher Course in Mechanism 1959/1960, 
arranged and sponsored by the Chamber of Commerce & Industry of 
the City of Brunswick, Germany, in cooperation with the Division of 
The Science of Mechanism of the Society of German Engineers (VDI). 


—such as improper clearances for the parts, wear of parts Course director: Kurt Hain. 
and feed mechanisms, dirt, lubrication, and operating 
abuse. Parts that are ejected on one trial must be directed 
to fall back into the hopper for succeeding trials. 


Hoppers and discharge mechanisms can assume many 


REPRINTS: The nine articles in this series will be avail- 
able as a combined reprint for $1.00 after the series is 
complete. Address: Reader Service Department, Product 
Engineering, 330 W 42nd St, New York 36. 
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GRAVITY-FEED HOPPERS. Vertical tube 

| (A) oscillates up and down to entrain 
cylindrical parts. Rotary drum with slots 
(B) entrains cylinders. Cylinders fall on 
track (C) as it oscillates. U-shape parts 
are picked up by rotating track (D). 
U-shape parts are picked up by drum and 
placed on vibrating track (E). Combina- 
tion paddle wheel and track (F) directs 
grooved washers into sequence. 


3... SIX WAYS TO FEED ALIGNED PARTS 


VARIETY OF HOPPERS for the same part: 
Oscillating piston and tube (A) elevate 
and arranges the disordered parts. Rotary 
pickup (B) performs the same task. Rotary 
vertical tube (C), or inclined rotary plate 
(D) use gravity feed. 





. RECIPROCATING LINEAR MOTION is used for 
feeding parts in (A), (B) and (C). Angular motion 
combines with a gravity slide to deliver balls in (D) 
and (E). Star feeder (F) with or without dwell periods, 
feeds parts in round-table fashion. Belt conveyor with 
an angular motion device (G) separates individual 


4STAR FEEDERS (D) for spherical or cylin- 
drical parts can be made with dwell periods. 
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15x ultimate strength 








1. . CONVENTIONAL EN- 
DURANCE DIAGRAM for a 
typical ductile steel shows 
how endurance limit depends 
on mean stress S,, and stress 
amplitude S,. Keeping max 
design stress within the ap- 
propriate envelope (bending, 
axial, or torsional loading) 
for a given value of §,, will 
insure against fatigue failure. 
Note that the range of allow- 
able stresses for fluctuating- 
torsion applications is much 
more limited than for re- 
peated bending or axial load- 
ing. 





Se-Endurance Limit (Bending, Tension-Compression, or Torsion), psix!000 





| 
6 60 WAI ito 
Smo Mean Stress, psi x !000 











QUICKER DIAGRAMS 
analyze STEEL FATIGUE 


Constructing the true endurance diagram for a steel must be preceded by 
many hours of fatigue tests. Here the author dusts off an often over- 
looked shorteut—an approximate diagram suitable for most ductile steels. 


MERL D CREECH 
Professor of mechanical engineering 
New Mexico State University 


The endurance diagram is a successful visual tool. With 
it you can spot the interactions between the three impor- 
tant variables in most fatigue situations—endurance limit, 
mean stress, and stress amplitude. In addition, if the 
fluctuating loading conditions are known, the allowable 
endurance limit can be picked off the diagram that repre- 
sents the loading mode—bending, axial loading, or torsion 
as in Fig 1. 
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But constructing such a diagram requires data from 
an enormous amount of laboratory testing. This lengthy 
procedure can often be avoided by resorting to a workable 
approximation of the endurance diagram. Here, you need 
only two properties of the steel: its ultimate strength and 
its yield strength. By applying the loading conditions to 
this approximate diagram, the allowable endurance limit 
can be quickly calculated. 


Preliminary steps 


STEP 1: Determine the ultimate strength, yield 
strength, and endurance limit in pure reversed bending— 


PRODUCT ENGINEERING + FEBRUARY 13, 1961 





for the steel under consideration. Ultimate strength 
can be determined by tensile test or by multiplying the 
Brinell hardness number of the steel by 450. No such 
correlation for yield strength is known, so it must be 
found by test. For the endurance limit in bending, tests 
over a long period show that for most steels this value is 
about 50% of the ultimate strength. The endurance 
limit in pure reversed tension or compression has been 
found to be about 72% of that in pure reversed bending; 
likewise, the percentage in the case of pure reversed tor- 
sion is 58%. These three endurance limits for the three 
types of loading are the intercepts of the endurance dia- 
gram with the ordinate (mean stress equals zero). 


STEP 2: Adjust the endurance limit from Step 1 fot 
the influence of surface conditions by applying the surface 
correction factors given in Fig 2. Here, the endurance 
limit of a polished specimen in pure reversed bending is 
taken as 100%. ‘Thus, a steel with a tensile strength of 
142,000 psi and an endurance limit of about 71,000 psi, 
would have—in the hot-rolled condition—an endurance 
limit in reversed bending of about 29,100 psi (curve e). 
A mildly corrosive medium like tap water, applied to a 
polished specimen of this material, reduces the endurance 
limit to about 21,300 psi (curve f). Other common sur- 
face conditions are given by curves b through e. 


The construction method 


STEP 3: Construct the approximate endurance dia- 
gram as shown in Fig 3 in the following manner: With 
endurance limit as the ordinate and mean stress as 
abscissa, first draw a 45° line through the origin O. Next, 
strike off OA, the value of the endurance limit (in bend- 
ing, tension or compression, or torsion as the case dic- 
tates) and draw a line through A to B, the intersection of 
the 45° line and a horizontal line representing 1.5 x ulti- 
mate strength. ‘Then line CD is sketched in, representing 
the yield strength (in bending, use tensile yield; in torsion 
use 60% of tensile yield). From point C drop a vertical 
line to F’, distance EF being equal to CE. Connect point 
D to point F and point F to point G, the negative value 
of the endurance limit at zero mean stress-distance, OG 
being equal to OA. 

Note these important facts about the resulting diagram: 
First, the envelope gives the max design stress for all values 
of mean stress; the design stress selected can be within the 
envelope, but not outside it, or fatigue failure will occur. 
Second, the max allowable endurance limit S, is made up 


3... CONSTRUCTION OF APPROXIMATE DIAGRAM 
at right reveals two important regions of design stress 
that meet at a vertical line through point C. Left-hand 
region from A to C is characterized by an essentially con- 
stant stress amplitude S,, with an increasing mean stress 
S,, and an increasing endurance limit S,. Right-hand region 
features a decreasing stress amplitude, while mean stress 
is increasing; endurance limit is constant, at its maximum, 
and equal to the yield strength. Value of mean stess at 
the boundary between the two regions is S,,. = (S;,—a) /b. 
This value together with qa (the endurance limit at S,, — 0) 
and h (the slope of line AC), forms three new constants 
of the material. Note from diagram that a condition of 
high mean stress and low stress amplitude (left-hand 
region) is most desirable for design. 
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2... SURFACE-CONDITION CORRECTION FACTORS are 
read off for tensile strength of the steel specified. Correc- 
tion factor is defined as percent of endurance limit in pure 
reversed bending retained under the surface condition 
listed. Notched curve was obtained for a shaft of 0.3 in. dia 
containing a 60° circumferential notch 0.004 in. deep. 
Curves are drawn from early German work on stress con- 
centrations. 




















WORKING EXAMPLE 
PROBLEM: Compute the diameter of a circular shaft that 
will carry a torque varying between 0 and 20,000 Ib-in., if 
the shaft material, polished steel, has a tensile strength of 
90,000 psi and yield strength of 65,000 psi. 

SOLUTION: Taking a surface correction factor of 0.91 
from curve b of Fig 2, the approximate endurance limit 
in pure reversed torsion (S» = 0) computes to 

a = 0.58 X 0.91 X 0.5 X 90,000 

a = 23,800 psi 
With this intercept on the S, axis, and the yield stress 
in torsion 60% of that in tension (0.6 x 65,000 = 
39,000 psi), and a value 1.5 x ultimate stress (1.5 x 
90,000 = 135,000 psi), a freehand endurance diagram 
is sketched as in Fig 4. From this diagram, the slope of 
line AC is 

b = (135,000 — 23,800)/135,000 = 0.824 
From the loading conditions, the mean torque T» and the 
torque amplitude T. are calculated, 
Tm = (20,000 + ye = 10,000 Ib-in. 


T. = (20,000 — 0)/2 = 10,000 lb-in. 
T./Tn = 1 


For these conditions, Eq (6) gives the mean stress Sn, 
Sm = 23,800/(1 + 1 — 0,824) = 20,200 psi 
From Eq (2), max allowable design stress should be 
S, = 23,800 + 0.824 (20,200) = 40,500 psi 
However, the value of S, at point C, the cutoff point, is 


Bm Be = (39,000 — ’ 
1. cer enoes 


Thus the shaft is operating in right-hand region of the 


a=238004 


15x Syip =/35,000 





Calculated point 








Sinc* 18. 450 


Left-hond ate ight-hond 


region ' fegion 





endurance diagram, and the max allowable design stress 
is the yield stress in torsion, 39,000 psi, rather than the 
calculated value of S., 40,500 psi. Applying the standard 
torsion equation S, = 16T/D* gives the necessary shaft 
diameter to resist this stress, 


D = (16 X 20,000/r X 39,000)'* 
D = 1.38 in. 


A safety factor, if used, would be applied to the limiting 
stress in the above equation. 


of two components, a mean stress S,, and a stress ampli- 
amplitude S,, 


S,=S,. +S (1) 


e m a 


Third, the 45° line represents the value of S,, in this equa- 
tion regardless of position on the diagram, and the vertical 
distance from this line to the envelope represents the max 
allowable stress amplitude. Fourth, the diagram divides 
into two distinct regions at point C: from A to C, the en- 
durance limit has the equation of a straight line. 


S,=a+ dS, 2 
where a is the value of S, at zero S,,, and b is the slope of 
line AC; from C to D the endurance limit equals the 
vield strength of the metal. Fifth, only the first two 
quadrants of the complete diagram are shown; construction 
of the other two quadrants follows the same procedure, 
except that ultimate strength and yield strength in com 
pression may be somewhat different from those in tension 

though this is not common for ductile steels. 


The calculation method 


STEP 4: Calculate the max allowable design stress 
S. by combining the information given in the sketched 
endurance diagram with that given by the load pattern, 
is follows. First, note that mean stress S,, and stress 
amplitude S, are proportional to the loads that cause them, 
whether axial loads P,, and P,, bending moments M,, and 
M., or torques T,, and T,. Thus, 


S./Sa. = Pe/Pa = Me/Ma = T./T 2 (3) 


Combining Eq (1), (2) and (3) gives three equations for 
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S,, that apply over portion AC of the endurance diagram 
—for values of mean stress S,, < (S,, — a)/b. In right- 
hand region of the diagram, max allowable design stress 
S. is the yield stress S,,. The three equations for S,, in the 
left-hand region are, 


ior tension or compression 


P, 


for bending 


for torsion 


With the mean stress S,, known, calculate the max allow- 
able design stress S, from Eq (2). Regardless of which 
of the two regions on the diagram determines S., apply a 
suitable safety factor to the result if either the load magni- 
tudes or material properties are uncertain. 


EDITOR’S NOTE: The following recent articles cover 
other problems in fatigue analysis. 

When Stress Fluctuates, This Failure Diagram for Safe 
Limits—Article presents graphical way of determining 
safety factors when fluctuating loads are superimposed on 
existing stresses. An example covers cantilever springs. 

Fretting-fatigue Failure of Titanium-steel and Steel-steel 
Joints, Mid-Sep ’58, p F-15—Quantitative evaluation of the 
fatigue damage caused by fretting dissimilar and similar 
metals against each other; also discusses inhibitors. 

—Ford Park 
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COOLING HOT BRAKES 


Brakes in constant use must radiate heat SYMBOLS 


A = Radiating-surface area, in.? 
away fast; those subjected to short, hard c = Specific heat of drum o: rim material, btu/Ib 
C = Radiation factor, btu jer in.* per min. per deg F 
hp = Heat generated by friction, hp 
graphs give the figures you need in either K = Constant 
q 


stops need time to cool off. These two nomo- 


= Load factor, brake-operating time/cycle time 


tt = Temperature differential between brake drum and 
surrounding air, °F 


T = Cooling time, min. 
W = Weight of brake rim, Ib 


case. 


TYLER G HICKS, mechanical engineer 
New York City 


Overheating brakes makes them 
fade, shortens life of brake linings, I—-COOLING TIME 
and can distort lightweight drums. 
One way to solve this problem is 
to let the heat capacity of the brakc 
soak up heat from short, hard stops. 
Nomograph I gives a rough idea of 
how long such a brake must be 
cooled before it is ready for the 
next stop. 

Another solution is to design in 
enough radiating surface to keep 
temperature rise within a!lowable 
limits. Nomograph II quickly gives 
the necessary values. 

Nomograph I—solves this cool- 
ing-time equation: 

T = cW log .t./KA 
EXAMPLE: 


How long will it take for a 100- 
Ib cast iron brake to cool to room 
temperature if the brake has a radi- 
ating area of 300 in.* and reaches 
a maximum of 200 F above room 
temperature during operation? 


\ 


U 


g Are 
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Rad 
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Oo 
Temperature Differential t, F 


Weight of Brake Rim W, ib \ 





Solution: 


Draw a line from weight of brake 
rim W = 100 on left scale to tem- 
perature differential t- = 200 on 
right scale. From intersection of 
first line with pivot, draw a line to 

O radiating area A = 300 on right 
scale. Second line in‘ersects middle 
scale at rim-cooling time T = 0.57 
minutes. 
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OZALID NEWSLETTER 


Two new erasable Intermediates from Ozalid® 





—and why you can probably use them both 


Chances are you’ve two big prob- 
lems with duplicate originals. 

Problem #1: To make correct- 
able dupes that’ll keep their 
quality and dimensions despite 
hard use, age, changes in tem- 
perature and humidity. These 
are the duplicate originals you'll 
update and run off again and 
again ... use as templates or in 
optical comparators . . . send to 
remote plants or field installa- 
tions .. . hold permanently. 

Problem #2: To make correct- 
able duplicate originals for rou- 
tine jobs. Here you need speed 
and economy. 

Ozalid gives you a hand, with 
two new intermediates you can 
run through any Ozalid machine 
or similar equipment. 


Problem #1: Correctability, 
durability, and permanence 


Solution #1: Scalemaster 102 PC 


Ozalid’s new black-line Scalemaster 
is easily corrected by a simple image 
erasure on the glossy side and a quick 
pencil or ink addition on its excellent 
drafting surface. It keeps original 
contrast between standout black 
image and clean background, gives 
sharp, clear copies fast. 

Scalemaster is made with a polyester 
film base (Du Pont Mylar®). Almost 
impossible to tear. And so tough it’s 
likely to outlast your original draw- 
ings. Thermal dimensional stability ? 
Only .0000025” linear expansion per 
inch per degree Fahrenheit! Perfect 
for templating and size-testing. 

In addition, it resists creasing. 
Wipes clean on both glossy and matte 
sides. And comes in 3-mil (Ozalid 
102 PC-3) and 5-mil (Ozalid 102 
PC-5) weights. 


Problem #2: Correctability, 
fast reprint, and economy 


Solution #2: Ozalid 402 IZE 


We market-tested this new Erasable 
Sepia Intermediate. Here are quotes 
from our salesmen’s call reports: 

“Excited about erasable feature, re- 
print speed’’.. .“‘likes see-through’... 
“excellent for overlay and map work’’ 

“worked beautifully in creating 
chart-type masters for adding info”’ 

This intermediate has a dark sepia 
image that’s easily removed from the 
specially processed base with an ordi- 
nary eraser... has an ideal matte 
surface for pencil and ink additions 

. reprints far faster than paper in- 
termediates . has much greater 
covering power .. . yet will surprise 
you with its low price! 

Best way to find out is to call your 
nearest Ozalid man right now. Re- 
member: his job is to help you do 
your job even better. 


OZALID Johnson City, N. Y., A Division of General Aniline & Film Corp. In Canada: Hughes-Owens Co., Ltd., Montreal 
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O COOLING HOT BRAKES. continued 


Nomograph II solves this equa- 
tion for finding radiating-surface 
area: A = 42.4 (hp)/C t for 
metal drums and any lining. 


EXAMPLE: 

How much radiating surface 
must a brake drum have if it ab- 
sorbs 20 hp, and operates for half 
the use cycle, and if drum-tempera- 
ture rise must not exceed 300 F? 


1I—DRUM 


IO) 


ted, hp 


+c rn 
ear benerd 


H 


Solution: 


Draw a line from 20 hp on the 
left scale to brake-load factor q = 
0.5 on the right scale. From the 
intersection of the first line with 
the pivot, draw a line to drum 
temperature rise t, = 300 on the 
left scale. The second line inter- 
sects the middle scale at radiating 
surface area A = 1700 in.” 
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Wente)sts 
BY THE 
ONUINIDY. 


: 


‘ 


You're buying motors by the pound 
when price is the only consideration 


Sure, you can get a motor for the lowest price, a motor 
of the same type and with the same rating and operat- 
ing characteristics of the highest priced motor. But, 
while initial price is an important factor, the actual cost 
is the ultimate cost of a motor. And, ultimate cost 
includes the repair bills, lost production, lost man hours 
and lost customers that an inferior, built-down-to-a- 
price motor could cost you. 


Wagner® protected polyphase motors do cut expensive 
downtime. Their cast iron frames can’t be affected by 
corrosive acids, salts, or alkalies. They are designed for 
cool running... stator temperatures stay low to in- 


crease motor life. Wagner polyphase motors are de- 
signed to permit relubrication that adds years to motor 
life under severe operating conditions. Wagner motors 
have earned a reputation for proven dependability. 


Next time you buy motors, check beyond the purchase 
price. Make sure that you get all the performance you 
need—with motors that will do the job. 


Wagner motors have been getting the job done for more 
than 65 years. Your Wagner Sales Engineer will be glad 
to show you why. Call him for an analysis of your next 
motor application, be it for plant or product. 


Branches and Distributors in all Principal Cities 


Waaner Electric Corporation 


6406 PLYMOUTH AVENUE, ST.LOUIS 33, MISSOURI WM61I-3 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Three standardized control elements . . . 
do the work of a number of control functions in a circuit. Can be regrouped for 
entirely new functions as necessary. Each of the elements (NOR, power driver and 
differentiator) is packaged in a separate color-coded module (each available in one of 
three speeds—low, medium and high) and plug into a standard 9-pin tube socket. NOR 
module is a transistor-equipped, basic-logic circuit element which can be compounded 
to duplicate the AND, OR and NOT logic circuits. Power driver expands NOR’s 
functions by feeding 25 NOR inputs (basic NOR element is capable of driving 
only five other NOR inputs). Differentiator, basically an amplifier which develops 
and shapes trigger pulses, reacts to positive-going waveform. At all speeds, NOR 
module requires an input of 5 v at 1.2 ma and produces an output of 5 v at 6 ma. 
Power driver's input requirement is 5 v at 3.3 to 5.5 ma and output production, 
—5 v at 27.5 ma. Both input and output ranges of differentiator are given as 0 
through 5 v. From stock at $10 to $20 in sample quantities; $5 to $10 in production 
quantities. Radiation Inc, Melbourne, Fla. 

Circle 300 on Reader Service Card 


Pressure switch for air and water systems .. . 
is rated at 14 hp, 150 psi max. Has pressure wire connectors which accept No. 10 
wire. Available with contacts which close at low or high pressure settings or with one 
normally open and one normally closed contact. When used on air compressors, a 
mechanically operated unloader valve is supplied to remove high pressure air between 
cylinder head and check valve. Prices range from $4.50 to $7.20. Furnas Electric Co, 
1050 McKee St, Batavia, Ill. 

Circle 301 on Reader Service Card 


Solid-state reversing drive .. . 
is designed for dc shunt motors of up to 3 hp. Reverses motor direction and rotation 
without need for contactors or relays. Said to provide smooth, stepless operation with 
no dead-band around zero speed. Comprises silicon-controlled rectifiers which mini- 
mize response time and allow no arching, pitting or contact chatter. Electronics Div, 
ACF Industries Inc, Riverdale, Md. 

Circle 302 on Reader Service Card 
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Silver conductive adhesives . . . 
have high electrical efficiency and are 
stable in storage. One adhesive is a two 
part system that cures overnight at room 
temperatures or in 5 min. at 338 F. Has 
indefinite shelf life while pot life after 
mixing is 90 min. Another is a single 
component system in a thixotropic paste 
form and uses a catalyst in latent form 
that will cure resin in 8 hr at 212 F and 
in 15 min. at 338 F. Has a pot life of 
one year. Supplied in smooth pastes, both 
have range of approx 0.10 ohm/cm for 
specific resistivity. Cured adhesive has 
shear strength of 3400 psi (aluminum to 
aluminum) and 4000 psi (glass to glass) 
at 75 F. Flexural strength is 12,000 psi 
Prices range from $11 for 2-0z kit to 
$44 for 1-lb kit. Delivery in 3 days. 
Isochem Resins Co, 221 Oak St, 
Providence 9, RI. 

Circle 303 on Reader Service Card 





Snap-in ferrule on 

tube fitting .. . 

is held “captive” by nut. Can be pushed 
in or out with finger, but otherwise 
won’t drop out or become lost. Tube 
is inserted through assembled ferrule and 
nut to shoulder inside body. Then nut 
is tightened, forcing ferrule to “bite” 
into tube’s outer surface for sure grip. 
Bends can start adjacent to end of fitting, 
since larger nut opening (to accommodate 
longer ferrule) gives nut sufficient clear- 


ance to slip around bends in_ tubing. 
continued on page 62 
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COMPONENTS * MATERIALS * PROCESSES 
. . continued 


Fittings are for sizes 2 through 8 tubes 


Parker-Hannifin Corp, Fittings & Hose 
Div, 17325 Euclid Ave, Cleveland 12. 
Circle 304 on Reader Service Card 


, THREST SPACERS 
PERMAWICH. [UBAICANT 


fn CAP. 


inticam = 
swart 


.  Taeest 
. WASHERS 


OIL SLinGER’ 


POROUS BRONZE BUSHINGS ~ 


Bearing for submerged 
applications . . . 

such as garbage-disposal units and laundry 
equipment water pumps, is said to last 
20,000 hr. — Self-wicking 
lubricant material continuously resupplies 


for approx 


oil to bearing surfaces over temperature 
range of —40 to 200 F. Line includes 
20 configurations, including enclosed-end 
bearing for applications in which shaft 
does not extend through and shaft bearing 
capable of operating under load of up 
to 200 psi of projected bearing area. 
Designed around shafts with nominal 
diameters of @, 4, % and ? in. Tann 
Bearing Co, 3750 E Outer Drive, Detroit 
34. 

Circle 305 on Reader Service Card 


Hi-temp flexible shaft .. . 
has ys-in.-dia core made of layers of stain 
less steel wire, as well as stainless outer 
casing and square end fittings. Deflection 
in radians/ft-lb reportedly can be held 
to close tolerance. Available in any 
required length. Stow Mfg Co, 426 Shear 
St, Binghamton, NY. 

Circle 306 on Reader Service Card 


Multibearing takeup 

frames .. . 

available from stock in 11 sizes, will ac 
commodate babbitted, bronze, ball or 
roller bearings in any two-bolt pillow 
block with mounting holes up to ¢ in 
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Allow horizontal bearing adjustments from 
6 to 24 in. and will mount 143 different 
bearing shaft sizes from % to 27 in dia. In 
adjusting mounting pads to pillow block 
holes, one pad is moved by an adjusting 
screw while other slides freely to proper 
distance between holes. Link-Belt Co, 
Dept PR, Prudential Plaza, Chicago 1. 
Circle 307 on Reader Service Card 


Shatterproof filter bowl . . . 
eliminates need for guards or wire rein 
forcement, yet is fully transparent for 
visual inspection. Reportedly has resist- 
ance to solvents, oils and corrosive gases 
and will not break or shatter when sub- 
jected to 10 times its normal internal 
impact. Max 
operating conditions are 250 psi at up to 
200 F and 200 psi at up to 250 1 
C A Norgren Co, Englewood, Colo. 
Circle 308 on Reader Service Card 


pressure or to extreme 


4-in.-diameter, dc motor .. . 
for battery-operated equipment, is nomi- 
nally rated at 4 hp, 5000 rpm, 24 v dc. 
Normally applied through belt, chain or 
gear drives, motor speed can be varied 
by adding resistance to motor circuit or 
by switching battery voltages. Four-lead, 
series wound unit is reversible. Weighs 
approx 13 Ib. General Electric Co, 
Schenectady 5. 

Circle 309 on Reader Service Card 


MILLIAMPERES 


ee 


Panel meter .. . 
is said to be unaffected by electrical over- 
loads of 10,000% (50,000% for the l-ma 
applied indefinitely. Uses 
printed-circuit coil in conjunction with 
thin ceramic ring magnet. Magnet pre 
vents change in calibration accuracy over 
long periods, while flat printed-circuit 
movement is contained between small 
front and back plates for protection from 
external magnetic influences. Standard 
and hermetically-sealed units are priced 
from $12.72 to $20.40. Interlab Inc, 116 
Kraft Ave, Bronxville, NY. 

Circle 310 on Reader Service Card 


movement) 


Polyester laminate . . . 
achieves a web/film/web lamination with- 
out adhesive or other bonding agent 
Nonwoven web absorbs resins and varnishes 
readily and allows penetration through to 
film with positive web-reinforced adhesion. 
Reportedly does not delaminate in contact 
with solvents used in varnish impregna- 
tion. Since construction is wholly poly 
ester, it will not absorb moisture, provid 
ing consistent dielectric strength under 
high humidity conditions and preventing 
moisture entrapment during encapsulation 
or dipping. Laminate, available in 0.007, 
0.010 and 0.015-in. thicknesses has tensile 
strength ranging from 25 to 70 Ib/in. at 
73.4 F. Irvington Div, Minnesota Mining 
& Mfg Co, 900 Bush Ave, St Paul. 
Circle 311 on Reader Service Card 


Revolving handles . . . 
attach to handwheels to simplify turning. 
Made of aluminum, handles have extra 
long bearing surfaces to eliminate much 
turning friction, reduce wear and provide 
more strength. As handwheel is turned, 
handle grip spins on steel stud attached 
at right angles to wheel. Lengths range 
from 1 to 3} in. Jergens Tool Specialty 
Co, 712 E 163rd St, Cleveland 10. 
Circle 312 on Reader Service Card 


“Y” and angle-strainers . . . 

are reported to be priced lower than 
comparable equipment. “Y” strainers, 
suitable for all steam, water, air, oil or gas 
applications, are available in the following 
sizes and materials: 4 through 3 in. in 
semisteel; § through 2 in. in ductile iron 
or cast steel; and 14 through 2 in. in 
bronze or stainless steel. Stainless screens 


continued on page 64 
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*Five of the six series 
of Type “‘CP’’ Reali- 
Slim bearings are 
smaller in cross section 
than the AFBMA 
standard ‘‘extra-light"’ 
series bearing shown 


when all you need is this 


f P'S ae = 


News Deum Kavdon! My 
Reali-Slim bearings off the shelf’ 
...prices slashed up to 76% 


Up to 85% lighter, up to 70% narrower 
than the lightest of the “‘extra-lights” 


More than 80% of all present standard 
“extra-light” series bearing installations 
never require the full capacity of the bearing. 

Kaydon now trims this expensive bearing 
excess! Kaydon Type “CP” Reali-Slim bear- 
ings match proper size, weight and capacity 
to specified shaft sizes. Overcapacity need 
no longer hamstring your product designs. 

Here’s why! In Kaydon’s new Type “CP” 
Reali-Slim bearings (world’s thinnest), 


Kaydon Reali-Slim KA-40-CP 


width and cross section remain the same for 
all bearing sizes in any one series. 
Example: each of the 15 sizes from 4” to 12” 
bore in the Reali-Slim KA series has only 
1/,” width and cross section. Result: new 
opportunity to save on cost, size, and weight 
. in bearings and adjacent components. 
Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial con- 
struction . . . and new bronze one-piece snap- 
over separator in 4” to 12” bore — 4,” to 1” 
width and cross section. Kaydon’s volume 
production cuts prices as much as 76%, de- 
pending on size. Write for free, fact-filled 
“CP” bearing bulletin — with prices! 


sae we KAYDUN 


ENGINEERING CORP. 
UOC ASO M OCI Oi Oc 


All types of ball and roller bearings — ¢° inside diameter to 178” outside diameter Taper Roller 


Roller Thrust * Roller Radial + Needle Roller « Ball Radial + Ball Thrust * Four-Point Contact Bearings K-160 
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COMPONENTS * MATERIALS * PROCESSES 
+ » « continued 


are standard. Block steel angle-strainer is 
designed for 1500-psig service at 850 F 
and cold pressures to 3500 psi-wog in 
carbon steel (higher in chrome molly steel). 
Available in connecting pipe sizes 4 to 
3 in. McAlear Mfg Co, 1901 S Western 
Ave, Chicago 8. 

Circle 313 on Reader Service Card 


Premountable harness 


clamp... 
takes complete range of harness sizes up 
to 4 in. Once clamp is installed, it does 
not require unmounting should harness 
need reworking. Two mounting holes 
provide firm clamping. Used with cable 
ties and straps, clamp replaces 52 con- 
ventional sizes. Thomas & Betts Co, 36 
Butler St, Elizabeth, NJ. 

Circle 314 on Reader Service Card 


Non-parallax bar-pointer 
knobs .. . 


have g-in. swept turning radius and are 
available for }-in. shafts. Two styles—dial- 
skirted and plain bar-pointers—are injec 
tion-molded of acrylonitrile-styrene  co- 
polymer with black or gray high-gloss or 
matte finishes. Prices are 80¢ for plain 
bar and 98¢ for dial-skirted version in 
black; slightly high in gray color. Raytheon 
Co, Industrial Components Div, 55 
Chapel St, Newton 58, Mass. 

Circle 315 on Reader Service Card 


Rigid urethane foam board... 
has unicellular structure, high solvent 
resistance and heat distortion and low 
thermal conductivity, making material 
suitable for refrigeration appliances, pipe 
and refrigerator truck insulation, sandwich 
panel and low temperature space insula- 
tion. Thermal conductivity at 70 F is 0.16 
to 0.17 btu/hr/sq ft/° F per in. and 
heat distortion point, 250 F. Highly 
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crosslinked nature makes it resistant to 
attack by most chemicals and solvents. 
Has density of 1.8 to 2.3 lb per cu ft; 
compressive yield strength of 30 to 50 
psi at 77 F; flexural strength of 40 to 60 
psi at 77 F; shear strength of 20 to 28 
psi at 77 F; and burning rate of 8 to 
10 in./min. Said to be priced approx 
20% higher than polystyrene foam on an 
equivalent insulation basis and 90% 
higher on equal thickness. Plastics Sales, 
Dow Chemical Co, Midland, Mich. 
Circle 316 on Reader Service Card 


Plug-inrelay .. . 
has minimum friction and wear—result 
of armature hinge with centerless ground 
stainless steel pin and oversize precision 
reamed bearing surfaces. Clapper type 
unit with 8- or 1l-pin octal plug, is 
enclosed in transparent plastic. Has 
independently-riveted coil _ terminals, 
builtin contact wipe and riveted contacts. 
From stock with 10-amp silver alloy con- 
tacts, SPDT, DPDT and 3PDT; for 6, 12, 
24, and 115 v ac or dc actuation. Price 
ranges from $5.35 to $8.20. Magnecraft 
Electric Co, 3350Y W Grand Ave, 
Chicago 51. 

Circle 317 on Reader Service Card 


Cam locks... 

have all key-travel possibilities with single 

plug and shell for each length. Shell 

lengths are: ye-, 4-, and g-in. fixed cams; 

&-, %-, 14- and 1@-in. removable cams. 

Independent Lock Co, Fitchburg, Mass. 
Circle 318 on Reader Service Card 


Photocopier for oversize 
originals .. . 

handles drawings, blueprints, plans, charts, 
16-column paper, etc., up to 18 in. wide 
by any length. Machine’s extra width 
also enables two operators to work 
simultaneously when making 84 x 11 in. 
copies. Produces pure white copies of any 


original—printed, drawn, written, in ink, 
pencil, pen, on colored, transparent, 
translucent or opaque stock. Copease 
Corp, 425 Park Ave, New York 22. 
Circle 319 on Reader Service Card 


Pocket-size dynamometer .. . 
measures torque and power loading of 
electric motors on the job. The 24-Ib 
instrument is slipped onto shaft and 
collet tightened by hand. interchangeable 
collets fit wide range of shaft sizes. 
Has self-contained V-belt pulley, adjust- 
able from 2 to 34 in. dia, and an adapter 
for direct drive to hubs, spokes, gears, etc. 
Pulley and adapter are adjusted with small 
allen wrench. In operation, dynamometer 
is viewed by stroboscopic tachometer while 
rotating. Transmitted torque is read from 
dynamometer dial (indicates up to 22 Ib- 
in. in either direction) and rpm is read 
from stroboscope dial. Accuracy is said 
to be within 4%. Micro Pump Corp, 
Box 392 Danville, Calif. 

Circle 320 on Reader Service Card 


Whiteprinter with sleeveless 
developer .. . 

accommodates materials of any length 
and up to 42 in. wide, while printing and 
developing speeds are synchronized up to 
75 fpm. Sleeveless dry diazo developing 
system is said to assure scratchproof 
protection of sensitized films, eliminating 
need for slip sheets. Double-coated 
materials are developed in one pass since 
both sides are simultaneously exposed to 
developer. Silicon rectifiers, replacing 
electron tubes in system, reportedly allow 
instant start variable speeds. Complete 
with feedboard and rear stacking tray, unit 
measures 844 x 704 x 764. Operates on 


continued on page 66 
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Uefting a Heavyweight 
SAGINAW+;- SCREWS 





Insert shows “fifth wheel” unit of the Air Force 
Minuteman ICBM Transporter-Erector. Tractor and 
trailer under carriage built by GMC Truck and 
Coach Division. 


Low-friction Saginaw Ball Bearing Screws allow a small electric motor in the “fifth 
wheel” unit to rapidly raise and lower the forward end of this transporter of a 
65,000 pound missile . . . allows the transporter to pass under highway overpasses 
and other low clearance obstacles en-route to underground launching sites. 


Also, Saginaw b/b Screws are used for leveling jacks on the rear sides of the 
carriage unit. The effort required to level the undercarriage is so small the jacks 
are hand-operated. Each of the jacks has a capacity of 65,000 pounds. 


The efficiency of Saginaw Ball Bearing Screws and Splines is being used by 
designers of today’s space, air and ground handling systems. They can lower 
operating costs, reduce maintenance and simplify designs. And they often reduce 
installation costs. Whatever your application problem, call on Saginaw to help solve 
it with Saginaw b/b Screws! Saginaw Steering Gear Division, General Motors 
Corp., Saginaw, Michigan—world’s largest producers of b/b screws and splines. 


WRITE TODAY FOR NEW 1961 ENGINEERING DATA BOOK OR REFER TO SWEET’S DESIGN FILE 


cUquLOLUW OF a Aan 


PRODUCT ENGINEERING + FEBRUARY 13, 1961 





1%4-TURN FASTENERS 


42 seconds 


to remove this panel 


| ee é. om” 
simin,Gseconds @ 
to remove this panel 


Designed 
To SAVE 


re YOU Time /c§AaMLOC 
4-TURN FASTENERS 


The odds are in your favor by 512-to-1 when you design-in Camloc 
Y% -turn fasteners. By actual test, you save that much time—compared 
to screws—in removal and replacement of these panels. What’s more, 
there are no loose parts —Camloc fasteners are “captive” in the 
mating panels. By all odds, Camloc %-turn fasteners cost you less to 
use, save you time, save you effort in fabrication and service. Millions 
of fasteners in use today are proof of their outstanding, money-saving 
qualities. Write today for Catalog. 


SOME TYPICAL APPLICATIONS 
Aircraft Panels ¢ Electronic Sub-assemblies * Railroad Cars 
Heavy Machinery ¢ Lighting Fixtures ¢ Missiles ¢ Automo- 
tive Equipment ¢ Television Studio Equipment ¢ Transit 
Cases © Business Machines ¢ Consoles ¢ Collapsible Units 


AmLoe 


CAMLOC FASTENER CORPORATION 
62 SPRING VALLEY RD., PARAMUS, N.4J. 
LOS ANGELES, CALIF. * FT. WORTH, TEXAS 


“Specialists in Fasteners 
for Industry”’ 


COMPONENTS * MATERIALS * PROCESSES 


continued 


220 v ac, 60 c, single-phase current. 
Ozalid Div, General Analine & Film 
Corp, 69 Corliss Lane, Johnson City, NY. 

Circle 321 on Reader Service Card 














Microminiature tools . . . 
have active working elements ranging in 
size from 0.001 to 0.1 in. Line includes 
67 different tools, all interchangeable in 
handles provided. Available from stock 
singularly or in kits. Price of handle only 
is $1.85. Tips range from $2.54 to $8.65, 
and kits (consisting of handle and two 
identical tips), from $3.88 to $19.15 
Circon Component Corp, Santa Barbara 
Municipal Airport, Goleta, Calif. 

Circle 322 on Reader Service Card 


Photo-recording paper . . . 
can be developed by heat in 3 sec (visible 
image forms on paper in 14 sec). Has 
chemicals for development incorporated in 
photographic emulsion, along with enough 
water to activate them. Development 
begins as soon as heat is applied. Th« 
silver-sensitized paper is said to be fast 
enough for exposure in oscillograph 
recorders with high intensity mercury 
lamps. Eastman Kodak Co, 343 State St, 
Rochester 4, NY. 

Circle 323 on Reader Service Card 


Single-sheet hanger . . . 
is made of heavy-duty press board with self- 
adhesive strip already applied. Available 








continued on page 68 
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FIBRE FACTS FOR ENGINEERS 


NUMBER 3 


How to Use Vulcanized Fibre for Electrical Insulation 


While all standard grades of Vulcanized 
Fibre can be used for many electrical in- 
sulating applications, the more exacting 
uses call for Spaulding’s Electrical Insula- 
tion Grade — Armite. 

Spaulding Armite is produced in thick- 
nesses of 1/32 inch and under with a con- 
sistently higher dielectric strength than is 
available in other grades of fibre. 

Special technical control of the manu- 
facture of Armite makes it possible to 
combine this higher electrical quality with 
exceptional durability and forming quali- 
ties. Thus, Armite is particularly well 
suited for a wide range of both electrical 
and mechanical applications. 

These 


bonnets to insulate the windings from lead 


uses include formed armature 
wires to the commutator, as well as for 
slot cell insulation in small armatures. In- 
dustry has also found extensive use for 
Armite in small, fractional horsepower 
motors. Here it is used in formed top 
sticks or wedges to insulate and anchor 
wires securely in the slots. 

In “Barrier Insulation,” the term used 
by Underwriters Laboratories for electrical 
insulation between live metal parts and 
adjacent live or ground metal parts, Armite 
finds one of its broadest applications. In 
this use, Armite insulators line the metal 
housing of electrical devices where space 
by itself is insufficient to provide gap 
insulation. 

These Armite liners or “barriers” can be 
designed to accommodate almost any 
straight line contour. In .015” or .020” 
gauge Armite, fold lines are established 
economically by creasing in a punch press 
operation. 

In thicker Armite, such as the more 
commonly used 1/32”, score lines are 
punched in a fast punch press operation. 
This permits folding to fit neatly inside 
the housing box. Whether creased or 
scored, Spaulding ships these parts flat and 
ready to be formed easily by hand for 


insertion. 


PRODUCT ENGINEERING + FEBRUARY 13, 1961 


by Earl . 





— - me 


s 


For barrier insulation as switch box liner, 
Armite is creaséd in punching operation for 
rapid hand forming. 


In these, as in a vast range of other 
applications, Spaulding Armite makes 
it possible to design and execute fin- 
ished assemblies of assured electrical 
qualities without sacrificing economy. 


SENT FOR YOURS YET? 


1. Russell, ¢ 


4 


hief Engi 


necr, Spaulding Fibre Company, Inc. 





For barrier insulation as removable terminal 
cover scored and formed, Armite is held in 
shape with eyelets and in place with indent 
at base. 


Armite’s superior dielectric properties, 
coupled with good forming and struc- 
tural stiffness, have made it the tradi- 
tional choice of designers throughout 
the electrical industry. 


a . Y AL, 


@? 


SPAULDING’S FREE NEW REFERENCE BOOK 
DEVOTED EXCLUSIVELY TO 
ENGINEERING DATA ON VULCANIZED FIBRE 


SPAULDING FIBRE COMPANY, INC. 


394 Wheeler Street 
Tonawanda, New York 


Please bring my engineering file up to date by sending a free copy of 


Spaulding's “Vulcanized Fibre Engineering Data.” 


Firm 


Address 
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COMPONENTS * MATERIALS + PROCESSES 
continued 


in 18- and 36-in. sizes and notched to 

fit 150-hangar rack. Also vertically handles 

envelopes, artwork, vellums-tracings and 

any large sheet material. Predrilled holes 

N EW et permit groups of hangars to be fastened 

4 together with ordinary 4-in. paper 

The fasteners. Price of 18-in. hangar is $1.75 

oe. ae per doz. Plan Hold Corp, 5204 Chakemco 
G FRAME St, South Gate, Calif. 

series f Circle 324 on Reader Service Card 





Thermoforming machine . . . 
has air-driven, up-moving plate, on which 
any tool can be formed without masking 


SPECIFICATIONS: 
off and taping up surrounding area to 


Dia.: BH! (plain) produce vacuum seals. Suitable for short- 


run production skin-packaging and blister- 


3%" (finned) sampling, machine handles all thermoplas- 


tic sheets normally formed by vacuum. 


H.P.: 1/400 to 1/4 Has 12 x 12-in. forming area and plugs 
into 110-v outlets. Max depth of draw is 

Freq.: 60 cps 4 in. Weighs approx 87 lb and is priced at 
j under $400. Atlas Vac-Machine Corp, 

Phase: 1 1) or 3¢ 1732 Hudson Ave, Rochester 17, NY. 
Circle 325 on Reader Service Card 





Typical curve ona Poles: 2 or 4 
“G FRAME” series . 
2 pole 3 9 motor Ambient Temp.: Threadless bow compass. . . 


—55°cto +125°c has hardened rod upon which hardened 
anting lever actuates with positive lock 
in any position. Has over 6-in. radius 
capacity and channel-formed legs for 

, = . . on 3 light weight. Price: $6.50. Omicron Co, 
Designed to military and industrial specifications the new Dept E, PO Box 907, Glendale, Calif. 
“G FRAME” series motors are another addition to the wide line Circle 326 on Reader Service Card 


of AIR MARINE motors, blowers and fans. 





A symbol of quality products...This trade- 
mark identifies the Air Marine line of 
carefully engineered products designed 
for military and industria! applications. 


air marine motors, inc. | | 
amityville , new. york A A 


los angeles, calif. air arine 














SEE AIR-MARINE AT IRE SHOW, BOOTH 2601 "Then it's unanimous, gentlemen . . 
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what makes this fastener 


DIFFERENT? 


Drives easily by hammer, arbor press, or air Locks securely in place without using a sec- Removes readily with a drift pin without dam- 
cylinder and can be readily adapted to an ondary locking device; won't loosen despite im- age to pin or hole, can be used again and 
automatic hopper feed. Requires only a stand- pact loading, stress reversals, or severe vibra- again in original hole. 

ard hole, drilled to normal production-line tol- tion. 

erances. 


HOW YOU SAVE 


You pay less for Rollpins than for most tapered, notched, 
grooved or dowel pins. Installation costs are substantially 
less than for any fastener requiring a precision fit or sec- 
ondary locking operations. 

Because of their tubular shape, Rollpins are lighter 
than solid pins. Production maintenance is reduced with 
Rollpins: they do not loosen and because of their spring 


action they tend to conform to the drilled hole in which ELASTIC STOP NUT 
they're inserted, without material hole wear, eliminating 
: CORPORATION OF AMERICA 


the necessity of re-drilling or using oversize pins. 
Dept. R40-245, 2330 Vauxhall Road, Union, New Jersey 


Please send me the following free fastening information 


MATERIALS AND SIZES 
Rolipin Bulletin Here is a drawing of our product. 


Standard Rollpins are made from carbon steel and Type _] Elastic Stop nut Bulletin What self-locking fastener would 
420 corrosion resistant steel. They’re also available in you suggest? 

beryllium copper for applications requiring exceptional 
resistance to corrosive attack, good electrical, anti-mag- 
netic, and non-sparking properties. Stock sizes range from Street _ 
.062” to .500” in carbon and stainless steels. ; City 


Name _ Title 


Firm _ 


Zone State 
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The REED catalog gives you & © 


QUICK ANSWERS TO TOUGH QUESTIONS 
ABOUT INSTRUMENT BEARINGS 


Should we specify ABEC-7 instead of ABEC-5? What’s the recommended 
lubricant: oil or grease? What shaft and housing tolerances shall we use? 


Should extended inner ring bearings be specified for the application? 


Questions like these can fly fast and furious when you're on a 
project. That's exactly when you need REED’s catalog on instrument bear- 
ings. Because, this small but specific reference combines valuable informa- 
tion with vital statistics on instrument bearings. There’s no nonsense—just 


facts. Data on load ratings, fits, tolerances, etc. are all easy to find. 


REED specialists are also readily available to help you with 
any bearing problem, large or small. These men are specially trained and 
experienced—fully able to make tiny bearings do big, important jobs. And 


they’re located near you, as shown in the box at right. 6017 


REED INSTRUMENT BEARING COMPANY 
LOS ANGELES, CALIFORNIA 


eee eveeeeeereeeeeeeeee eee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 
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For a copy of the REED Instrument Bear- 
ing Catalog—or help with an instrument 
bearing problem—call or write: 


REED Instrument Bearing Company 
Div. SKF Industries, Inc 


4241 Redwood Avenue 
Los Angeles 66, Calif 
Phone: UPton 0-5814 or 
EXmont 8-3204 


Front Street and Erie Avenue 
Philadelphia 32, Pa 
Phone: GArfield 6-6400 
20 Henry Street 
Teterboro, N. J. 
Phone: ATlas 8-1700 or 
PEnnsylvania 6-9767 (N.Y.C.) 


1800 N. 25th Avenue 
Melrose Park, Ill 
Phone: Flilmore 4-1035 or 
MAnsfield 6-7456 (Chicago) 


Division of 


okKF. 


INDUSTRIES, INC. 


eeeeveveeeeeeeeeeeeee ee 
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BS 


Free engineers for creative assignments 
with the new low-cost IBM 1620 


The IBM 1620 Data Processing Sys- 

tem is a low-cost solution to the prob- 
lem of freeing engineers for their most 
creative and profitable assignments. 
Here’s why: 
EASY TO usE—Just a two-day training 
class is all you need to put your 1620 
into operation. This means no delays in 
learning to use the 1620 computer. 


In addition, you get a wide range of 
free programming services including 
FORTRAN and GOTRAN. FORTRAN is the 
powerful scientific language that lets 
you solve problems without writing 
detailed computer instructions. GOTRAN 
is a simplified language (a sub-set of 
FORTRAN) that lets you enter simpli- 
fied problem statements and data into 


the computer with the solution immedi- 
ately available, in one simple operation. 
FASt—The 1620 solves a set of ten simul- 
taneous equations in only 20 seconds. 
It inverts a 10 x 10 matrix in just 42 
seconds. 
PoweRFUL—The 1620 inverts a 40 x 40 
matrix. With optional additional core 
storage the 1620 can handle matrix in- 
version problems of a much higher 
magnitude. 
GET FULL DETAILS—The 1620 is the most 
outstanding engineering and scientific 
computer in its price range. A basic in- 
stallation rents for just $1,600 a month. 
To learn how the 1620 can free you 
for more creative engineering work, 
call your local IBM representative. 
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IBM's 1620is acompact 


desk-size computer. 


DATA PROCESSING 


® 





introducing 


NYLATCH 


Nylatch, a new push-pull fastener, 
is now offered off the shelf to indus- 
try needing the ultimate in 
dependable low cost fastening. 


Nylatch will replace most existing 
fasteners for metal, wood and syn- 
.thetics yet gives these outstanding 
features — 


® Less than 10 seconds installation 
—merely insert grommet into 
material to be fastened and insert 
plunger in grommet. 


© Standard punched or drilled holes 
accommodate Nylatch. 


® Nylatch allows up to .040 mis- 
alignment tolerance. 


® Rugged two-piece construction 
gives 30,000 complete cycles of 
operation. Thoroughly tested for 
temperature, creep characteris- 
tics, fatigue and load. 


® Versatility of design allows you a 
selection of plunger head designs. 
Available in wide range of 
decorator colors. 





Press grommet 
into removable sheet 


Press plunger into 
installed grommet 


Your inquiry will bring complete information. | 


THE HARTWELL CORPORATION 
9035 VENICE BOULEVARD, LOS ANGELES 34, CALIF 
Offices: 

Chicago - 


72 


Ft. Worth - Hackensack - Seattle - Wichita 





| 
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Calculus—Refresher for 
Technical Men 


A A KLAF, Dover Publications Inc, 180 Varick 
St, New York 14. 5/2 x 8, 431 pp, paper- 
bound. $2. 


A primary need for technical men 
who use calculus is to answer spe- 
cific questions with just enough back- 
ground to make the answers clearlv 
understood. Here is a book that 
examines the most important aspects 
of integral and differential calculus 
in terms of 756 questions most likely 
to occur to the reader. Questions are 
clearly stated and the answers have 
just enough detail for an easy under- 
standing. 

Subjects covered in the first part 
include simple differential calculus, 
with constants, variables, functions, 
increments, derivatives, differentiation, 
logarithms, curvature of curves and 
similar topics. Second part covers 
fundamental ideas of integration, (in- 
spection, substitution, transformation, 
reduction) areas and volumes, mean 
value, successive and partial integra- 
tion, double and triple integration. 
Third part illustrates the application 
of calculus to specific problems in 
various fields, such as civil, nautical 
and electrical engineering, stress 
analysis and similar fields. 


Dynamics of Rigid Bodies 
WILLIAM DUNCAN MACMILLAN. Dover Publi- 


cations Inc, 180 Varick St, New York 14, 
5% x 8, 478 pp. $2. 


It is assumed that by the time a 
student undertakes a study of the dy- 
namics of rigid bodies his mathemati- 
cal training is well advanced. The 
three laws of motion as given by New- 
ton furnish the foundation for the en- 
tire structure. Two methods of de- 
velopment are in common use: the 
intuitive, or geometrical, method, lead- 
ing to the invention and development 
of the theory of vectors, and the purely 
analytic method that results from the 
equations of Lagrange and of Hamil- 
ton. Both of these methods are used 
in the present work, as they were in 
statics and the dynamics of a particle 
in a first volume. Analysis, however, 
is indispensable even in the intuitive 
method. But analysis by itself is in- 
complete without intuition. 

The subject of small oscillations, is 


extended here to the finite periodic os- 
cillations, known as the periodic solu- 
tions of Poincare. Lack of space for- 
bids the development of solutions that 
are reentrant only after many periods, 
and of solution that are asymptotic to 
periodic solutions. 


The New World of Math 


GEORGE A W BOEHM. Dial Press Inc, 461 
Park Ave South, New York 16. 514” x 7/2", 
128 pp. $2.50. 


Modern mathematics differs from 
what most people study in school, and 
the layman is seldom given the op- 
portunity to comprehend and enjoy 
the breadth and vitality of the new 
mathematics. The book, which orig- 
inated in the pages of FORTUNE 
magazine introduces the reader to that 
stimulating new world of math and 
outlines some of the work mathema- 
ticians are now doing in such fieks 
as topology, a new form of geometry; 
linear programing, a study, which in 
its practical applications can route a 
salesman or tell an oil company how 
many barrels of oil to manufacture 
and where to ship them; and in the 
development and future of comput- 
ing machines. 

The book also discusses the “group” 
concept, an important and useful ab- 
straction of modern mathematics; the 
probability theory, and the number 
theory; and it tells of the work of such 
outstanding twentieth-century mathe- 
maticians as von Neumann and Hil- 
bert. Also included is a special ap- 
pendix of nine short essays which go 
more deeply into some of the con- 
cepts and techniques of modem 
mathematics — the highlights, the 
problems and some of the paradoxes. 


Steel Castings Handbook 


Steel Founders’ Society of America, 606 Ter- 
minal Tower Bldg., Cleveland 13, Ohio. 614 
x 91%, 670 pp. $5.50. 


This is the third edition of this 
handbook, and it has been com- 
pletely rewritten. It now incorporates 
a vast amount of new data developed 
through research by the Steel 
Founders’ Society and other agencies 
in the United States and abroad. 

In the rewriting, the handbook 


continued on page 74 
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+ This mark tells you a product is made of modern, dependable Steel. 
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Seamless Steel Tubing comes in almost every shape and size, 
that is, if it's USS National Seamless Mechanical Tubing. ; 


USS and National are registered trademarks 


National Tube ce 
Division of ‘ 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors; United States Stee! Supply Division: United States Stee! Export Company, New York 
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ROBERTSHAW 


“Living Metal” 


BELLOWS 


...‘the Design Engineer's Most Versatile Aid!” 


The quote isn’t ours—it came from an engineer who had 
seen it proved again and again. 

Applications of these seamless metal wonders are virtually 
limitless in process industries, in countless controls, in 
rocket and missile components . whether temperature, 
pressure or atmospheres are moderate or extreme. 

Robertshaw bellows, custom-designed for specific appli- 
cations, are supplied in inconel, inconel-X, beryllium copper, 
brass, phosphor bronze, monel, A-286 stainless steel, Ni-Span-C 
. +. Or in whatever metal answers your critical requirements. 

And every Robertshaw Bellows is backed by the most 
experienced know-how in the field. We built the first seamless 
metal bellows ever made... and we’re still building the best. 

There’s a world of information on bellows versatility in 
our comprehensive Catalog CP-R. Write for it today. 


MR. CONTROLS 


Robertshaw-Fulton Controls Company im 


FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 
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. .continued 


DESIGN LITERATURE 


has been prepared entirely from the 
viewpoint of the designer and user 
of steel castings. It constitutes a com- 
prehensive source of data on the 
proper design, selection, and heat 
treatment of steel castings. Design 
of steel castings is given considerable 
attention in a 76-page chapter, which 
incorporates several new approaches 
along with selected points from 
previous editions. This chapter should 
be especially helpful to design engi- 
neers secking either to improve or 
develop more efficient designs in 
forthcoming structures and equip- 
ment. 

The normal variations in steel 
castings are considered in the light of 
a substantial amount of research 
work not previously reported to the 
public. Separate chapters on the 
regular “carbon steel” and “low alloy” 
grade of steel castings discuss the 
properties and application of these 
two series in considerable detail. The 
advances of the past 10 years are 
evident in the material reported. Of 
particular note is the inclusion of 
high-strength alloys, which were 
mainly laboratory curiosities 10 years 
ago. There is a glossary of foundry 
terms and an appendix of enginecring 
tables dealing with compositions and 
specifications for both wrought and 
cast steel. 


Other Books of Interest 


Fatigue Damage Under Varying 
Stress Amplitudes 

NASA TN D-647. H W Liv, H T Corten. Na- 
tional Aeronautics and Space Administration, 
Washington, DC. 8 x 10%, 68 pp. $1.75. 


Axial-load Fatigue Tests on 17-7 
PH Stainless Steel Under Constant- 
Amplitude Loading 

NASA TN D-439. H A Leybold. National Aero- 
nautics and Space Administration, Washington, 
DC. 8 x 10%, 17 pp. 50¢. 


Theory of Maxima and Minima 

H Hancock. Dover Publications Inc, 180 Varick 

St, NY 14. 5Y2 x 8, 193 pp. $1.50. 
Unabridged paperback edition of original 

first published in 1917. 


Magic Squares and Cubes 

W S Andrews. Dover Publications Inc, 180 

Varick St, NY 14. 5Y2 x 8, 419 pp. $1.85. 
Unabridged paperback edition of original 

first published in 1917. 


Elements of Projective Geometry 
L Cremona. Dover Publications Inc, 180 Varick 
St, NY 14. 512 x 8, 302 pp. $1.75. 

Unabridged paperback edition of original 
first published in 1913. 


continued on page 76 
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Lubricity is a property of lead that is 
somewhat unusual among metals — a 
property that results in a variety of 
uses. The most obvious is in bearing 
metals. In this instance it is sometimes 
employed as an alloy to make bronze, 
tin-base and lead-base babbitts. Or, 
through powder metallurgy, other com- 
binations like high-lead copper for bear- 
ings are produced. Mixtures of lead and 
Teflon and coatings of lead oxide are 
newer developments in this field. 


DU Olilless Bearings 

These oilless bearings are made from 
lead and T.F.E. fluorocarbon (Teflon) 
powders impregnated into a sintered 
bronze matrix, with a steel backing to 
provide strength. They withstand a 
wide range of tough operating condi- 
tions, and provide long service life for 
thrust bearings, slides and general bear- 
ings. A more recent use is in helicopter 
rotor-shaft bearings, where high per- 
formance and minimum maintenance 
are required. 

The coefficient of friction range with 
DU bearings is similar to that of 
conventional oil lubricated bearings, 
varying from 0.04 at high loads and low 
speeds to around 0.16 at fractional loads 


Photomicrographs of DU before (above) 
and after “bedding in” 


ro 


¥e 
. 
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and high speeds with operation over a 
temperature range of —450°F. to 536°F. 
They have given trouble-free service 
even when exposed to abrasive cement, 
concrete mix and other dirt-laden 
atmospheres. 


Lead Greases and Soaps 


Industry in a search for more efficient 
greases found that lead in the form of 
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a fine powder, intimately mixed with 
grease, markedly improved the latter's 
lubricating properties under the most 
severe operating conditions. In use, the 
leaded grease acts as a vehicle to carry 
particles of lead powder to gear or 
wearing surfaces where, under pressure, 
the lead coalesces and forms a uniform 
layer or film of lead. Extremely tena 
cious, this lead lining fills score marks. 
pitted or worn surfaces and thus, in 
effect renews them. 

Another advancement in the manufac- 
ture of grease has been the development 
and utilization of lead soaps, using the 
lead salts of fatty acids. These include 
lead naphthenate, lead linoleate, lead 
oleate, lead recinoleate and others. Lead 
soaps do not change in viscosity during 
storage and do not separate or hydrolize 
in the presence of moisture. This pre- 
vents precipitation of the saponifying 
compound, and perpetuates the lubri- 
cating properties. 


Lead Bearings in Rocket Flight 


Rocket propulsion and supersonic 
aircraft pose a pressing problem for 
materials scientists need for high 
temperature lubricating materials. 
Researchers at the NASA Lewis 
Research Center, Cleveland, have 
developed bearing systems for high 
speeds and high temperatures which 
will never require lubrication. Lead 
monoxide is “fired on” the bearing sur- 
faces. Bonded lead monoxide coatings 
have better life and a lower coefficient 
of friction at high temperatures than 
such standbys as molybdenum disul- 
phide. The reason: NASA’s coating 
normally lubricates best under 
conditions which produce high surface 
temperatures. At sliding velocities of 
2,400 to 10,000 ft. per min. (highest 
speed studied) the coefficient of friction 
was 0.05 to 0.08 for all test temperatures. 
High speeds, loads, and temperatures 
tend to form a viscous molten film. Slid- 
ing can then take place by plastic or 
viscous shear rather than shear along 
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the crystal planes. Found to be best 
when its operating temperature is close 
to 1000°F. — though designed to operate 
in the 600 to 1200°F. range — data show 
that both bearing life expectancy and 
friction coefficient for cool operation are 
good enough to recommend it even when 
it must be started or cycled through 
room temperature. Lead monoxide and 
other formulations have been success 
fully applied to stainless steel and 
Inconel X. They can be applied as a 
dry powder or sprayed on as a watery 
slurry and fired at 1650 to 1800°F 


Miles of Lead-Lubricity 
Under a treaty with Canada, the U.S 
is building the $720 million Niagara 
Power Project — the largest hydro 
electric development ever undertaken 
in the Free World. Lead, uniquely 
employed in sheet form, gaskets the 
more than 16% miles of joints between 
the base and vertical members of two 
parallel concrete conduits. As a result, 
sheet lead serves as a lubricant during 
any wall movements due to stress 
induced by ground movement, contrac 
tion and expansion, while it also acts 
as a water seal for the joint. 
Although other materials were consid 
ered, lead’s lubricity was the deciding 
factor. If the massive wall blocks were 
not free to adjust their position, tremen- 
dous thermal and ground forces might 
buckle or shatter them. The ability of 
lead to carry heavy loads, its low cost, 
and the ease with which it is cut and 
worked are other factors that contrib 
uted to its selection. Lead is used in 
similar applications in bridges and 
other heavy construction, as a bearing 
plate and lubricant between supporting 
structural members. 


For information or technical assistance 
on new lead developments and applica 
tions — and how they can relate to your 
products — see Sweet’s (Design Edition) 
Catalog, or write to: Lead Industries 
Association, 292 Madison Avenue, New 


York 17, N. Y. 
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EMCOR STANDARD 
FRAMES TO BUILD YOUR 
ENCLOSURE SYSTEM 


Just a few of the thousands of control center 
combinations, attained through the use of the 
EMCOR MODULAR ENCLOSURE SYSTEM, are 
illustrated here. The ultimate in enclosure flexibil- 
ity is available through hundreds of EMCOR 
Standard Basic Frames and thousands of com- 
ponent parts. The EMCOR Fine Line of Quality 
features simplicity in assembly. With a standard 
screwdriver, you can assemble a control center 
to meet your electronic, instrument or electro- 
mechanical housing problem. You eliminate cost- 
ly enclosure design time and modification of 
custom type units. Only EMCOR, the originator of 
the Modular Enclosure System, provides the ul- 
timate in design, beauty, rugged structural capa- 
bilities and quality controlled craftsmanship in 
the fabrication of metal enclosures. Let EMCOR 
“Know-How” serve and save for you! 


Condensed Version of Catalog 
106 Available Upon Request. 





i 
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Originators of the Modular Enclosure System 








. .continued 


DESIGN LITERATURE... 


Vector Analysis with an 

Introduction to Tensor Analysis 

A P Wills. Dover Publications Inc, 180 Varick 

St, NY 14. 5¥2 x 8, 285 pp. $1.75. 
Unabridged paperback edition of original 

first published in 1931. 


Steady-state Damped Vibrations 
and Stability of a Class of 
Nonlinear Discrete Systems 

PB 161748. S 8 Chow, P R Sethna. Office of 


Technical Services, US Dpt of Commerce, Wash- 
ington 25, DC. 81% x 11, 48 pp. $1.50. 


Role of Structural Damping in 
Acoustical Fatigue 
PB 161742. W J Trapp, B J Lazan. Office of 


Technical Services, US Dept of Commerce, 
Washington 25, DC. 8% x 11, 26 pp. $1. 


ABSTRACTS 
FROM THE LITERATURE 


Vibration Analysis 

Vibration analysis often involves 
tedious, time-consuming mathematics. 
The procedure used in this paper 
makes use of a generalized form of 
the Stodola method. This approach 
eliminates difficult integrals such as 
those required for the Rayleigh en- 
ergy method. The method further 
illustrates its advantages where a large 
number of similar structures can have 
common influence coefficients for 
their analysis. 


“New Developments in Vibration, Shock and 
Stress Analysis,” J. J. Albanes, Sperry Gyro- 
scope Co, Great Neck, NY. Paper No 3.4 
published in NEREM Record, Nov ‘60, Institute 
of Radio Engineers (Boston section), Boston. 


Sonics in Diecasting 

Sonic and ultrasonic techniques 
have been proved useful in expanding 
the scope of application of the die- 
casting process. Casting designs here- 
tofore considered impossible are now 


continued on page 79 





INGERSOLL PRODUCTS 


Division of Borg-Warner Corporation 
630 Congdon @ Dept. 1240 @ Elgin, Ill. 


"I don’t care how rushed they are on that 
project! Tomorrow night you're taking me 
out!” 





CIRCLE 76 ON READER SERVICE CARD PRODUCT ENGINEERING + FEBRUARY 13, 1961 





ANNOUNCING Aeroquip Super High Pressure 
Hose For Large-Diameter 3000 PSI Lines 


PATENT APPLIED FOR 


Now Aeroquip announces 2755 Spiral Wrap Hose developed 
especially to meet the increased demand for large-diameter 
high pressure hose lines. It is ideal for hydraulic systems where 
1%” to 2” hose sizes are required with working pressures up 
to 3000 psi, depending upon size. 

The hose is constructed of alternating layers of spiral wire 
wrapping and synthetic rubber for flexibility and rugged 
service. Aeroquip Segmented Fittings are leakproof and blow- 
off proof, yet are completely detachable and reusable. For 

Aeroquip 2755 Spiral Wrap Hose Aeroquip'’s new Segmented Fitting complete information, return the coupon for your copy of 
has synthetic rubber inner tube, was developed especially for 2755 bulletin IEB-51. 

with alternating layers of spiral Spiral Wrap Hose. This new reusable 
wire wrapping and synthetic rub- fitting assembles easily and quickly 
ber. Recommended for high pres- with hand tools. Hose need not be Dash size 
sure hydraulic lines subject to high skived to attached fitting. 
surge peoks. 








O.D. tube size 








Hose |.D. 
Aeroquip Segmented Fittings are quick! 

attached to 2755 Hose with this co Hose O.D. 
assembly tool. Just slide the nipple into Working psi 
the hose end, compress socket segments 
in place with the assembly tool and slip Min. burst psi 
on a retaining band. The hose is ready 
for installation. 




















Min. bend radius 




















Aeroquip Corporation, Jackson, Michigan 
Please send me oa copy of Bulletin IEB-51 covering 2755 
High-Pressure Hose and Segmented Fittings. 


Name 

Title 

Company 
Address a 


i See 
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when 
faced with 
CRITICAL 
SPECS 


get the 
GOSHEN 
RUBBER 


IDEA 


precisely 
fabricate parts, 
seals and 
components 
from selected 
compounds 
and for 
specific 
applications 
ONLY! 


The tougher the specs, 
the more important 

it becomes that you 
have it “custom made 
by Goshen Rubber.” 
If the part, or com- 
ponent you need 

can perform best by 
being fabricated from a 
natural, synthetic or 
silicone rubber com- 
pound, count on 
Goshen. Exclusive 
fabricating techniques, 
developed here at 
GRC, are available 
to meet strictest 
specifications, and for 
advance testing under 
many types of near-field 
conditions. Let us 
know your problem. 


WRITE, WIRE, or PHONE 


ENG, 
at 1/9 


) 
- % 
> “ 
$ @) ‘ 
- ; 
% » “ 


¢ & 
¥ 
"en pgo® 


RUBBER CC 
2021 S. Tenth St. 
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682 Water St. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 





Regulated, multiple voltage output -+-250 volts, -+-150 volts, 
+70 volts, +70 volts, +250 volts, —35 volts, —50 volts, —60 
volts, —70 volts, —250 volts D.C. 6.3 volts, 115 volts, A.C. Total 
power capacity approx. 15 KW 


EXPERIENCE and SKILL 
are an inherent component 
of every ACME ELECTRIC built 


POWER SUPPLY 


“Know your supplier” is pertinent advice as it applies to 
the design, engineering and construction of power supplies. 
Acme Electric not only knows the state of the art but is 
a recommended supply source. That's why you can expect 
specific advantages based on engineering experience, and 
backed-up by manufacturing facilities and trained manpower. 
If power supplies are an important part of your products, 
it will pay you to investigate the part Acme Electric can 
play in your procurement program. 


Series regulated 
Output 120, 1% de 
@ 0-6 amps. 


ACME ELECTRIC CORPORATION 


Cuba, N. Y. 


SAA 3420/1872 
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SPHERCO 


BEARINGS 


lf you have applications involv- 
ing linkage or transfer of motion, 
SPHERCO Bearings can supply 
your needs in a wide variety 
of materials with a quality that 
will give you top performance 
under normal or high tempera- 
ture conditions. 


TRSeries TRE Series 


Forged One-Piece 
Contro! Link 


WRITE FOR BULLETIN 560 


SIPEG 


A PRODUCT OF 
SEALMASTER BEARING DIVISION 
STEPHENS- ADAMSON MFG co 


9 RIDGEWAY AVE. « AURORA, ILL. 
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DESIGN LITERATURE . .continued 
being produced efficiently by following 
the correct vibration procedures. 
When applied properly, these pro- 
cedures may also yield greatly im- 
proved mechanical properties and 
surface finish. However, sonics and 
ultrasonics must be used in the full 
knowledge that they are scientific 
tools. They must not be used in an 
attempt to correct existing faults in 
die design. 


“Sound Die Casting with Sound,” by John A. 
Weber and Earle W. Rearwin, SDCE Paper No 
10 presented at Ist SDCE Congress, Nov ‘60. 
Society of Die Casting Engineers Inc, 19382 
James Couzins Highway, Detroit 35. 


High-vacuum Glass Seals 
Describes an interesting variant of 
known methods of sealing glass com- 
ponents. The crux of the method is 
the inclusion of a metal ring in the 
seal. This makes it possible to dis- 
connect the sealed parts in a matter 
of seconds, without causing damage. 
“Demountable Seals for Glass High-vacuum 
Equipment,” B. Jonas and G. Seitz, of Zentral- 
laboratorium Allgemeine Deutsche Philips In- 


dustrie Gmb H, Aachen Laboratory, Philips 
Technical Review, Vol. 22, 1960/61. 


Component Reliability 

The most universally accepted meas- 
ure of component-part reliability is the 
failure rate or its reciprocal, the mean 
time between failures. Most com- 
panies maintain a set of basic failure 
rates for use in prediction, analysis, 
and logistics planning. A 
the basic failure rates used by different 
companies and on different projects 


review of 


continued on page 80 





"Tl realize that to err is human, Hendricks 
.. » but this is ridiculous ... you wear out 
more erasers than pencils.” 


Lepel 


~ 0 
¥ oe “ea 


y 
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Glass to Metal Seals 


PRESSURE PRESSURE 


| GLASS sued 
b COIL 


Ah hhhhhhihdhen 


\Cnovan/ 
SLEEVE 


induction heating is ideal for the assem- 
bly of glass beads to pre-oxidized Kovar 
metal sleeves for a header sub-assembly. 
The glass-Kovar joint area is brought to 
1550° F while pressure is applied to the 
glass beads. 

















Production Soldering 
Resistors With Long Pigtails 


RESISTOR 
COIL PRIMARY 


= 


ROTARY TABLE 
PLATE SECONDARY 














Heating occurs in small opening of plate 
secondary which is electromagnetically 
coupled to stationary primary. This 
produces highly localized heating while 
avoiding intereference of pigtail with 
the coil. One turntable contains a num- 
ber of loading positions. 


HIGH FREQUENCY 


Y 
tAAaciiaa 


,)))>, HEATING 
TTS 


Y, J HIGH FREQUENCY 
LP LL LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77. N Y 
CHICAGO OFFICE: 6246 WEST NORTH AVE 
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NO SPLI 


CE RINGS 


are better because the principle 

hazard found in ordinary seal rings and belts has 
been removed by Western’s Mono Cord one- 
piece construction. In addition, dimensional re- 
quirements are maintained, quality controlled, 
and service vastly improved—all at no extra cost. 
Don’t use a spliced ring for technical seal 
applications, but profit from nearly 60 years 
experience—specify Mono Cord rings by Western. 


Write or phone for 


information, literature 
or a visit by our sales 
engineer in your area, 











WESTERN RUBBER CO. 


GOSHEN 9Q, 


INDIANA 


Molded and Lathe-Cut Rubber Parts 


for All Industries 
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Constant Pressure 
regardless of 
flow variations 


Hee 
zn” 


/ 2% eT 
| 
Bre. 


Ty 


=Z 


@ Available with integral body as 
shown or as a cartridge type 

@ Standard Ports—14", 34", 14" ad 
and 34” pipe (NPTF) 

e For oil 


Pilot Operated 
Relief Valves 


Accurate pressure control 
assures efficient circuit 


Tight seal before cracking 


Can control pressure with- 
in 3% of setting 


Adj. Ranges up to 4,000 psi. 


Write for detailed literature 


Manufacturers of Hydraulic Valves and Devices 


Needle Valves ® Pilot Check Valves © Special Valves 


FE luid Relief Valves ® Check Valves © Restrictor Valves 


ontrols, inc. Pressure Compensated Flow Regulators 





1284 N. CENTER STREET ° MENTOR, OHIO 


Member of National Fivid Power Association 
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DESIGN LITERATURE ; continued 


within the companies revealed a wide 
range of variations for each compo- 
nent part. It is believed that this varia- 
tion in failure rates is due to the 
manner in which a component is ap- 
plied in a circuit, the environment in 
which it is operated, and the mainte- 
nance philosophy employed. ‘These 
factors, in turn, encourage assignment 
of different failure rates by different 
users to the same part. 


“Component Failure Rates Associated with In- 
stallation Environments,” D. R. Earles, The 
Martin Co, Denver, Colorado. Paper No 15.1 
published in NEREM Record, Nov ‘60, Institute 
of Radio Engineers (Boston section), Boston. 


Lubricating Oils in Inert Gas 
The interactions of five gases 
hydrogen, nitrogen, argon, helium, 
and carbon dioxide—with mineral and 
synthetic lubricating oils were studied. 
[he interactions examined included 
gas solubility, foaming, entrainment, 
evaporation of oil into gas, stability 
of oil in presence of gas, and effect of 
dissolved gas on oil viscosity. Several 
of the gases showed behavior (ap- 
preciably different from that of air) 
that was not predicted by conven- 

tional theories. 

“The Behavior of Lubricating Oils in Inert 
Gas Atmospheres,” Beerbower, Greene, Esso 
Research and Engineering Co. American So 


ciety of Lubrication Engineers Paper No. 60 
LC-6, 5 N Wabash Ave, Chicago 2. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be 
low, circle corresponding number on post- 
card inside back cover For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 91 


CENTRIFUGAL CLUTCHES—Catalog 
142, 42 pp. Offers factors covering clutch 
selection, typical application examples, 
and dimensional and performance data 
Also tabulates and graphically illustrates 
hp ratings, service factors, allowable accel 
eration and repre sentative mounting ar- 
rangements. Formsprag Co, 23601 Hoover 
Rd, Warren, Mich 

Circle 350 on Reader Service Card 


SLIP-RING AND  BRUSH-BLOCK 
ASSEMBLIES—Catalog 100-S, 32 pp. De- 
tails dimensions; ring and brush materials; 
allowable speed ranges; currents and volt 
ages; and material specifications. Contains 
dimensional drawings of 11 types. Fabri 
cast Inc, 9835 E Alpaca St, South El 
Monte, Calif. 

Circle 351 on Reader Service Card 


continued on page 83 
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New product 
information 
for fiber glass 
reinforced 
lastics 
industry 
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fiber glass news 





PPG fiber glass 
makes 
products better, 
safer, 
stronger, 
lighter 
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PPG ANNOUNCES NEW FIBER GLASS 
CHOPPED STRAND MAT 





PPG Customers 


Praise New 
Reinforcing Mat 


Samples of the first runs of the 
new PPG Chopped Strand Mat were 
shipped to several PPG customers 
for use in production trials. 

These customers obtained excel- 
lent results. One panel manufac- 
turer reported the new product 
helped him produce highly translu- 
cent corrugated sheets with the fiber 
pattern almost indistinguishable. 
Wet-out characteristics were superior 
to other products he had tried. 
Based on these trials, he has placed 
a sizeable reorder. 

Similar reports have been received 
from other manufacturers. 





PPG Offers 
Technical Help 


to Manufacturers 


Samples of PPG’s new Chopped 
Strand Mat are available to manu- 
facturers for trial runs on their own 
equipment. 

If you need technical assistance 
on these runs, a member of PPG’s 
technical staff will be glad to answer 
any questions you may have con- 
cerning the use of this new product. 
If you wish, he will come to your 
plant to help run tests, demonstrate 
techniques and help adjust machin- 
ery settings to obtain best results. 








Quality Product for 
Sheets, Boats, High 
Pressure Molding 


Now available from PPG is a new 
high quality fiber glass reinforcing 
Mat. 

Produced from PPG’s new chop- 
ped strand with a specially developed 
binder, this new mat has excellent 
wet-out characteristics, provides 
highly uniform fiber distribution and 
weight; and because it produces a 
pure whiteness, it eliminates any 
problem of discoloration of finished 
laminates. 


Three Types Available 


Type AC Mat has been designed 
especially for corrugated, embossed 
or flat translucent fiber glass deco- 
rative and structural panels where 
clarity and lack of fiber pattern is 
important. 

Type AB Mat is ideal for boat 
manufacturing and other layup jobs 
where strength, good draping and 
fast wet-out are needed. 

Type AM Mat is available for use 
in high pressure molding to produce 
strong, uniform finished products. 











New Mat Produced 
In Complete 


Size Range 


PPG Chopped Strand Mat is pro- 
duced in widths and weights to meet 
your specifications. 

Announced weights per square foot 
in ounces are 3%, 1,144, 1%, 2 and 3. 
Width range includes 40”, 56”, 60” 
and 76”. Other widths are avail- 
able by special order. 

Mats are packaged wound on 
4” I.D. tubes according to width 
dimensions. 





Literature Available 


Complete information on PPG 
Fiber Glass Chopped Strand Mat is 
available through any of the PPG 
Fiber Glass Sales Offices listed be- 
low, or by writing PPG Fiber Glass 
Division direct. Get your copy now, 
and learn how you can benefit from 
this new mat product. 





Where to Buy It 


PPG Fiber Glass Chopped Strand 
Mat can be ordered through any 
PPG Fiber Glass Sales Office or 
regional distributor, or can be or- 
dered direct by writing or cal- 
ling Pittsburgh Plate Glass Company, 
Fiber Glass Division, Room 1668, 
One Gateway Center, Pitisburgh 22, 
Pennsylvania. 


Fie | p ota PITTSBURGH PLATE GLASS COMPANY 
G 


Sales Offices: Atlanta, Boston, Buffalo, Charlotte, Chicago, Cincinnati, Cleveland, Dallas, Denver, 
Detroit, Houston, Los Angeles, Louisville, Milwaukee, Miami, Minneapolis, New Orleans, New York, 
Philadelphia, Pittsburgh, St. Louis, San Francisco, and Seattle. 
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-SPRING DESIGN 


NEW 


SANDVIK 
INTEGRAL 
BAND 
SPRINGS* 


te an is oye sero : sa 
tyes ecmplsed by CONVENTIONAL | Air Power! 
we tx .s 
the: ewe ont STOCKED FOR 
Bic latigas iol dal | ‘Saeneate 
she mreabgnry ie ind ; 


Use variable-speed, explosion-proof 


Give YOu | Anal GAST AIR MOTORS 


Th ES @ A) d vanta g eS. Need a compact, low-cost motor for original equipment 


or plant use applications? Air may be your answer... 
using one of these efficient Gast rotary-vane Air Motors. 


CAN BE SAFELY INSTALLED OR REPLACED : 
Look at the special advantages they offer you: 


IN SECONDS 
. They're explosion-proof — no sparks, no danger! 
MUEOER OR KEEPER NOT REQUIRED . Low initial cost compared to other motors. 


MAY ELIMINATE THE NEED FOR BARREL OR: . Speed variable with simple valve control. 
HOUSING . Can't burn out if overloaded or stalled. 


. Reversible rotation optional on some models. 
MINIMIZES NORMAL FRICTION . Rotor vanes take up their own wear. 


4 Oh4 18) 0 O) 4 Ol 1120) 2, ee) 10) 6) = . Quickly attached to plant air lines. 
7 . ° ° 
Amazingly light, compact for h.p. delivered. 
PERMITS USAGE OF DIFFERENT SIZES OF win. lg ta iiiellies della. 


SPRINGS IN THE SAME HOUSING FOR 10. Mechanically simple, neat in appearance. 


DIFFERENT REQUIREMENTS . , aca , 
Gast Air Motors are supplied as original equipment on 


SAFER TO INSTALL; BOTH ORIGINALLY AND pneumatic hoists, mixers for paint and chemicals, fans, 
FIELD REPLACEMENT blowers, fuel hose-reel rewinders, liquid pumps, spool- 
SANDVix } ing machines and a host of other products. Used in 

explosive atmospheres and in “hot” locations to 250° F. 


Model No. 1AM 2AM 4AM 6AM 8AM 16AM 
H.P. ot 90 P.S.1, 2000 RPM 013 OS7 11 1200 40) «(7.0 
Weight, ibs. 1% Sh 8 y Ss @ 
nL a ee ae en — Sn a 


For complete performance data, write for Air Motor 
Bulletins. Specify models that interest you. 


——— THEY'LL DRIVE EQUIPMENT 4 WAYS: 
SAN pa an. STEEL, INC. maine Gear reducer J 


s- 
\ ib | With 
4 ae, 2 Using flange 
> a pulley <A mounting 


AIR MOTORS + VACUUM PUMPS + wae % 


& iain cote 


BOX 117-V, BENTON HARBOR, MICHIGAN 
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NONDESTRUCTIVE TESTING 


Just Out. ns Hag 
methods of nonde 
structive testing — to- 
gether with the advan- 
tages and limitations 
of each—are clearly 
explained in this 
authoritative book. It 
helps you more effec- 
tively determine the 
physical properties, 
and nonuniformities in 
physical properties, of 
materials. ere is a 
working, applied ap- 
proach that outlines 
the what, be how 
when, and where of 
this rapidly Corson. 

ing technology. Covers visual postin liquid 

penetrant inspection, ultrasonics, e dy cur- 
rent techniques, and a wealth of other topics. 

By Warren J. McGonnagle, Argonne Na- 

tional Laboratory. 457 pp., 413 illus., 65 

tables, $15.00 


PRINCIPLES OF 
MANUFACTURING MATERIALS 
AND PROCESSES 


Just Out. A practical guide to help you 
more readily select, specify, and apply the 
most efficient and economical manufacturing 
process for virtually any specialized opera- 
tion. Here are clear descriptions of the 
rinciples involved plus useful criteria for 
mparting desired ohape, accuracy of dimen- 
sions, surface smoothness, tolerance, and 
other desired characteristics te a workpiece. 
Coverage ranges from essential aspects of 
metallurgy and sand castings—through roll- 
ing and forming—to powder metallurgy and 
machinery. By James 8. Campbell, Univ. 
of Calif., Berkeley. 668 pp., 459 Iillus., $9.75 


THEORY OF 
METAL CUTTING 


Here are the essential facts on 
metal cutting ee ge to help you achieve 
better surface finish, rapid removal of metal, 
and_ effective nemiats practice. Gives 
helpful information on the cutting tool, the 
workpiece, the chip, and the cutting fluid 

. helps you quickly choose the most eco- 
nomical and efficient metal cutting process. 
Among the many topics discussed are sur- 
face irregularities and damage, criteria for 
evaluating machinability, numerical control 
in machining, methods of treating surfaces 
of high-speed steel tools to reduce friction, 
and much more. By Paul H. Black, Ohio 
Univ. 216 pp., 126 Iillus., $7.50 


MARKS’ 
MECHANICAL ENGINEERS’ 
HANDBOOK 


Over 2200 pages of facts and data constantly 
needed by engineers, designers, draftsmen, 
and employees in every branch of mechani- 
cal engineering and allied fields. Arranged 
in handy reference form are answers to 
thousands of questions—on standards, prac- 
tices, methods, and today’s accepted proce- 
dures. The work of over 100 specialists, this 
handbook presents both fundamental theory 
and experimental data on every branch of 
mechanical engineering. Edited by Theo- 
dore Baumeister, Coiumbia Univ. Lionel 8. 
Marks, formerly Harvard Univ., Editor, 1916 
to 1951. 6th Ed., 2270 pp., over 2000 Illus., 
$23.50. 


SEE THESE BOOKS 10 DAYS i 


McGRAW-HILL BOOK CO., INC., Dept. PE-2-13 

327 W. 4ist St., New York 36, N. Y. 

Send me book(s) checked below for 10 days’ ex- 

amination on approval. In 10 days I will remit for 

book(s) I keep plus few cents for + ee Ky 

and return unwanted book(s) postpaid. (We pay 

delivery costs if you remit with this coupon—same 

return privilege.) 

© McGonnagle—Nondestructive Testing, $15.00 

© Campbell—Prin of Mfg. Matis. & Processes, 
$9.75 


Just Out. 


© Black—Theory of Metal Cutting, $7.50 
© Baumeister—Marks’ Mech. Engr. Hdbk., $23.50 


(PRINT 
Name . 


Address . 
City ose 
Company 
Position 


For price and terms outside U.S. 


write McGraw-Hill Int'l, N. Y. C. PE-2-13 | 





DESIGN LITERATURE........ .continued 


SILICONE RUBBER-—Selection chart 
CDS-145C, 4 pp. Compounds are divi- 
ded into four’ general classes with typical 
uses for each. Included are typical prop- 
erties, primary classes and standard indus- 
try and military specifications. Silicone 
Products Dept, General Electric Co, 
Waterford, NY. 

Circle 352 on Reader Service Card 


TOOL STEELS-Sliderule, 6 x 12 in. 
Reveals brand name, producer, AISI 
number, and company equivalent brand 
through windows located on both sides. 
Back side has table showing chemical 
composition and AISI designations for 
water-harding, shock-resisting, cold-work, 
hot-work, high-speed and special-purpose 
steels. Universal-Cyclops Steel Corp, 
Bridgeville, Penna. 

Circle 353 on Reader Service Card 


TIMING-BELT DRIVES—Catalog 19103, 
76 pp. Contains drive-width selection 
charts for each of five pitches, as well 
as tables to determine driven-pulley and 
belt-pitch length when speed ratio and 
driver pulley are known. T B Wood's 
Sons Co, Chambersburg, Penna. 

Circle 354 on Reader Service Card 


ACETAL RESIN—Brochure A-18404, 
24 pp. Discusses high-strength resin’s 
properties, design considerations, forming 
techniques and application in variety of 
products and industries. Curves show, 
among other things, yield strength and 
modulus of elasticity vs temperature; fa- 
tigue life; dimensional change due to en- 
vironment, etc. E I du Pont de Nemours 
& Co, Wilmington 98, Del. 

Circle 355 on Reader Service Card 


ROLL-FORMED SHAPES—Bulletin 760, 
36 pp. Illustrates close to 250 actual- 
size shapes, roll formed from aluminum; 


continued on page 85 





"Maybe it’s not that I'm not a born leader 
as much as this place has no born fol- 
lowers!” 
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APM 





Modular 











SWITCH and 
SHAFT SEALS 





e Fit all industrial electrical 
controls. 


© Meet Military Specifications: 
MIL-B-005423A (ASG), 
MIL-B-19257 (Ships), 
SCL-6303 (Sig. Corps), 
Par. 183.10-20, Part (B) 
U.S. Coast Guard. 
SEND FOR CATALOG 359A-1 


describing items above, also seals for 
circuit breakers,* indicator lights and 
other electronic components. 


*TRADE MARK 
41 Honeck St., Englewood, N. J. 
LOwell 9-5700 


Designers ond M 4 ers of 


HIGH PRESSURE STATIC AND MOVABLE SEALS 
Hexseals* @ Seetskrews* @ Seclboits* @ Seecirivets* 








HEXSEALS 


A.P.M. Corporation 
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.most efficient! 
... least costly! 


ooTz 


RA ANUFACTURING 


OMPANY, INC. 


1400 PARK STREET 
EVANSVILLE 7. INDIANA 
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et [] Reduce costs 


Corton eta () Simplify assembly 
[) Improve appearance with 


GRE DIE CAST ZINC ALLOY 





Only 7 to 10 Minutes to Renew 
Service Life of New Gate Valve 


& MOLDED NYLON 


ge 


} High in pad 
Uniformly accurate 
Low in cost 

Wide range of woe, 
ane, types, sizes 
and threads 


Produced in one high speed auto- 
matic operation, GRC’s exclu 
sive methods assure uniformity, 
smooth, rustproof & corrosion 
resistant surfaces and the lowest 


Replace seat rings in Fairbanks patented Renewable Seat seule east. Mew kinds of 


Ring Gate Valves without removing valve body from line. 
For the first time in valve history, you can replace the Seat rings in 
a renewable seat ring gate valve, under all normal conditions, in less 
than 10 minutes, using just a screw-driver and with the valve body 


still installed in ihe line through an exclusive and patented develop- 
ment 0 ¢ Fairbanks Company. 


Fairbanks new 200 pound steam working pressure gate valves, avail- 
able in sizes 4%” through 2” in the rising and non-rising stem 
construction, have been field tested for over two years under all 
conditions from steam to corrosive liquids and have proven com- 
pletely satisfactory—absolutely dependable. 

FREE: Brochure, complete with details and specifications, yours 
without charge. Write today. 


" Fairbanks ow 


393 Lafayette Street, New York 3, N 
Branches: New York 3 « Boston 10 « + Pittsburgh 22° Georgia 
Valves « Trucks « Casters « Wheels + Dart & “PIC” Unions 
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ECONOMY 
SERIES 


Just 4 of the wide range 
of styles available from 
stock . . . including 
extra low, high and round 
wings; junior and senior 
series . . . in thread 
and blank sizes from 

24 thru %”. Patented 
recessed wings, smooth- 
acting washer-like bosses. 


LOW WING 


fasteners never before available 
. « « Modifications in stock fas- 
teners for specialized use . . . 
infinite variety in styles, types 
and sizes, have been made pos- 
sible by GRC’s special automatic 


die casting and molding machines. | 


Write, wire, phone 

NOW for samples, prices, 
your copy of GRC’s 
NEW INDUSTRIAL 
FASTENER 
BULLETIN 


fe. 


rt 
GRIES REPRODUCER CORP. 
World's Foremost Producer of Small Die Castings 
159 Beechwood Ave., New Rochelle, N. Y. * NEw Rochelle 3-8600 


RIGHT | 
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DESIGN LITERATURE continued 


brass; copper; zinc; titanium; galvanized, 
stainless and carbon steels; and painted, 
clad- and vinyl-coated metals. Tabulates 
dimensions of standard angles, angles with 
weld projections, standard channels, 
square and round lockseam tubing and 
round butted tubing. Roll Formed Prod- 
ucts Co, Oakwood Ave, Youngstown. 
Circle 356 on Reader Service Card 


AUTOMATIC WAVE ANALYZERS— 
Brochure DB 9075, 16 pp. Contains speci 
fications, analysis-rate curves and output 
formulas on cross-spectral analyzer and 
two-channel unit for transfer-function 
plotting. Industrial Systems Div, Min- 
neapolis-Honeywell Regulator Co, 10721 
Hanna St, Beltsville, Md. 

Circle 357 on Reader Service Card 


RELAYS—Catalog 261, 4 pp. Illustrates 
and outlines specifications and prices 
of relays from stock, including: ac- and dc 
actuated, general purpose, subminiature, 
plug-in, latch-in, and 10-, 15- and 50-amp 
small power models. Magnecraft Electric 
Co, 3350Y W Grand Ave, Chicago 51. 

Circle 358 on Reader Service Card 


ROTARY GEARPUMPS-—Bulletin 43, 
4 pp. Traces range of sizes and capacities 
and lists a number of pumping applica- 
tions. Cross-section and dimensional 
drawings are included. Northern Ord- 
nance Inc, Minneapolis 21. 

Circle 359 on Reader Service Card 


MAGNETIC AMPLIFIERS — Bulletin 
1316-3, 2 pp. Offers electrical specifica 
tions and dimensions of seven sizes, as 
well as typical control characteristic curve. 
Vickers Inc, Electric Products Div, 1815 
Locust St, St Louis 3. 

Circle 360 on Reader Service Card 


continued on page 87 





“He just placed me in complete charge of 
the plant while he's away on vacation.” 
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.. IT’S HIDING BEHIND THE 
ASPIRIN. Actually, we set out 
to build an easy-to-read tiny 
timer... but we first had to 
build an aspirin-sized motor to 
drive it. This assignment might 
have been a headache for a 
sorcerer, but A. W. Haydon 
did it. And there is something 
magical about these micro- 
miniature elapsed time indi- 
cators and companion 
events counters. @ This digi- 
tal elapsed time indicator has 
many outstanding features: 
size is only Ya” square x 1,” 
long... weight .75 ounce... 


meets all mil specs... temp. 
range —54 to +125°C...vi 
bration to 2000 cps at 20G... 
choice of two ranges (hours 
to 9999, tenths to 999.9)... 
power input .5 watt, max. In 
fact, the complete data out- 
weighs the equipment. Send 
for our heavyweight literature 
on the 19200 ETI right now. 
@ Electrical or electronic, 
the A. W. Haydon Company 
works wonders in time. For 
electronic requirements call 
Culver City. For electro- 
mechanical devices call 
on our wizards in Waterbury. 


AYDON 


COMPANY 


221 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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For Its 
Many 
Advantages 


LEATHER 


Less Friction @ Forever Shelf Life ¢ Use 

On Any Fluid or Gas to 450°F © No Electrolytic 
Corrosion @ Non-Contaminating . . . 

and in many cases it is less expensive 

than outdated materials 

383 sizes of Stock Molds available for Halogen Vee Ring 
Packing for Valves * pumps © cylinders * mixers 


Write for your catalog. 


HALOGEN 


INSULATOR & SEAL CORP. 


9960 Pacific Ave. Franklin Park, Ill. 
“Engineers and manufacturers— 


* ” 
“DuPont T.M. TEFLON* Products 
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FOR POSITIVE, 


LOW-COST 


SPROCKET 
DRIVES ee “a i. 


Now successfully employed in radio and TV tuners, 
recorders, air conditioners, timing devices, etc, De- 
signed for economical, positive gear trains or drives 
free of slippage and backlash. 


VERSATILE BEAD CHAIN 
has many other advantageous applications such as: 
®@ part retainers @ remote contro! devices 
@ fan or ventilator pulls ® revolving displays 
and many others 
WRITE TODAY FOR CATALOG AND SPECIFICATION SHEETS 


THE BREAD CHAIN mre. co. 


92 Mountain Grove St., Bridgeport, Conn. 
CIRCLE 211 ON READER SERVICE CARD 


Get the greatest benefit 
from Product Engineering 





by having your own sub- 
scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct to: 


Circulation Manager 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N.Y. 











PRODUCT ENGINEERING +» FEBRUARY 13, 1961 





Replace costly machined or 
molded parts with formed 
RULON Tape. 


Leading manufacturers across the 

country are cutting design costs by 

Stamping or post-forming parts from 

RULON (filled TFE) tape. With 

Dixon’s RULON Tape in thicknesses 
from .004” to .125”, 
you pay only for 
what you use. You 
use a minimum of 
material ... and 
reduce costs up to 
10 to 1. You take 
advantage of RU- 
LON’S plastic mem- 
ory, too, for tighter 
fits and better seals. 
RULON Tape gives 
your product these 
performance-improv- 
ing qualities: (1) low 
friction, (2) high 
wear resistance, (3) 
low deformation 
under load, (4) wide 

“" temp. tolerance 

(—400°F to +500°F), (5) chemical 

inertness, (6) lube-free operation, 

and (7) zero water absorption. 

Whether you need stamped or post- 

formed parts for pumps, valves, 

compressors, bearings, meters, or 

what have you, it pays to rely on 

(1) Dixon’s wide selection of basic 

shapes (in both RULON and Teflon), 

(2) Dixon’s knowledge of fluoro- 

carbon reinforcing agents, and (3) 

Dixon's facilities for fabricating parts 

to print. 

See RULON designers 

guide book — Bulletin 

#9572 in Sweet’s Prod- 

uct Design File, or send 

details for recommenda- 

tions. DIXON CORPO- 

RATION, 103 BURN- 

SIDE ST., BRISTOL, 

RHODE ISLAND. * DuPont T.M. 


DIXON 
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DESIGN LITERATURE continued 


HIGH-STRENGTH, LOW-TEMP SOL- 
DER ALLOY—Bulletin Z-105, 1 pp. Dis- 
cusses performance and properties of lead 
base, ““N” type, ohmic junction-alloy mate- 
rial and its availability in preforms such as 
washers, disks and spheres. Accurate Spe- 
cialties Co Inc, 345 Lodi St, Hackensack, 
NJ 

Circle 361 on Reader Service Card 


REINFORCED PLASTICS—Letter-size 
booklet, 10 pp. Describes molding tech- 
niques and lists specific advantages and 
applications for each. Also gives physical 
and chemical properties of parts molded 
by each method. Reinforced Plastics Div, 
Society of Plastics Industry Inc, 250 
Park Ave, New York 17. 

Circle 362 on Reader Service Card 


HYDRAULIC-POWER UNITS—Bulle 
tin 0980-B1, 6 pp. Tabulates specifications 
of 37 models, including 12 1000- and 
2000-psi single pump units; 15 similar 
capacity double pump units; and 10 con 
tinuous booster units with automatic pres 
sure intensification to 5000 psi. Table re 
lates gpm delivery to hp input. Hanni 
fin Co, Dept 126, 501 S Wolf Rd, Des 
Plaines, III 

Circle 363 on Reader Service Card 


WORM-GEAR SCREW JACKS—Bulle 
tin supplement 4421J, 4 pp. Covers speed 
and loading data and torque and hp re 
quirements of 5 models. ‘Tables show 
ratio of worm and nut revolutions to 
screw travel, comparison of screw length 
and actual column load to allowable side 
load capacities, etc. Joyce-Cridland Co, 
2027 E Ist St, Dayton 3, Ohio. 

Circle 364 on Reader Service Card 


ELECTRIC HEATING ELEMENTS— 
Catalog 500, approx 11 pp. Presents spe 
cifications and prices of immersion, car 
tridge, strip, tubular and switch heaters 
Dimensional drawings are included. Heat 
rex Inc, 1274 S Main St, Meadville, Penna 

Circle 365 on Reader Service Card 


FORCE TRANSDUCER-—Brochure, 4 
pp. Cross-section gives design details of 
mechanical-to-electrical primary element 
for measurement and control of varying 
amplitude forces. Specifications are traced 
Hydro-Pneu-Tronics Inc, 3666 E 116th 
St, Cleveland 5. 

Circle 366 on Reader Service Card 


ELECTRIC POWER SHIFT—Bulletin, 
2 pp. Contains specifications and dimen- 
sional drawings of transmission equipped 
with electromagnetic clutch. Western Mfg 
Co, 3400 Scotten Ave, Detroit 10. 

Circle 367 on Reader Service Card 


continued on page 89 


SYNPRO-TEX 


Speed Detectors 
Control 


“G" FORCE 


Pats. & Pats. Pend. 
In one of the many and varied ap- 
plications of TORQ speed detecting 
devices, a single SYNPRO-TEX speed 
detecting governor is used in a washer- 
drier appliance to . . . (1) reduce 
vibration by balancing clothes load. 
(2) Provide more thoroughly dried 
clothes. (3) Reduce wrinkling. The 
SYNPRO-TEX governor automatically 
cuts out the motor above 1G, switches 
it back on below 1G for approx- 
imately 20 cycles. 
SYNPRO-TEX governors 


tionless”, snap-acting, centrifugal 


are “fric- 


actuated by speed only, 
accurate to 0.25% at from 
0 to more than 15,000 rpm, for over 


switches ... 


speeds 


1,500,000 cycles of uniform operation. 
TORQ governors can detect speeds 
dependably and economically on any- 
thing from rotating rat-traps to guided 
missiles. What’s your problem? 


MISSILES 
Control of rotational 
speed for ballistic 
accuracy. Protection 
and control of com- 
ponents, Ask for Bull 
260. 
GAS BURNERS 
Fuel control for safety 
in starting and oper- 
ation. Blower protec- 
tion. Ask for Bull. 265. 
GAS ENGINE 
GENERATOR 
SETS 
Automatic switching 
of cranking cycle 
Overspeed protection 
Ask for Bull. 264. 
These uses illustrate a few of the 
many ways to increase operating 
reliability or reduce costs with 
TORQ speed detecting control. 


TORQ 


ENGINEERED PRODUCTS, INC. 
60 West Monroe Street Bedford, Ohio 
Phone: BEdford 2-4160 
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Uaturally 


YOUR PRODUCT 


NE 


Saving your dollars with wire is a 
60-year old habit at Union Steel. 
Devising ingenious ways to shorten 
time between idea conception and 
delivery, creation of new designs 
in welded wire, engineering new 
methods for more rapid, eco- 
nomical manufacture... all are 
routine benefits you realize when 
you specify Union Steel, the 
experienced source that guarantees 








Refrigerator 
ice Tray 
Compartment Rack 





higher quality. 

Our experienced design engi- 
neers and production specialists 
are ready to help you save with 
wire. If your problem is immediate, & 
why not phone Union Steel today? 


Fan and 
Vent Guards 


Refrigerator 
Shelving 


Pa 


Ny lle ~ 
“ty y iy” 
Z “yt 
+ “Uf “Uf My, Eh 
Vy My. Uy 
iy ij, 
Evaporator LQ, 
Sheivesand S77 


Condensers 


Oven Rack 
Side Frame 


Swing-Out 
Refrigerator Basket 


1 


5 H 
Chair Back Oven Heating 


Element Frame 


ss ———— 


Wire Forms Of Ali Types 





Dishwasher 
ets and 
Sections 


UNION STEEL PRODUCTS CO. 


Albion, Michigan 


Gentlemen: Please give us, without obligation, your 
suggestions for the use of fabricated and finished 
wire in our products. 


Title 
Company 
Address 
City Zone State_ 
ra Please have a USP representative contact us at once. We ore 


interested in 


eee eae eee 
ee ae eee 


1. <esaphtnuitdibaidasiiape an dneminigeamanpanaibenenenaaranesteD 
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o> . 


PARAMOUNT 


‘ 
! 
Front View ' Die Castings Rear View 
! 
' 
‘ 


AT WORK 


No. 6 of a Series ALUMINUM 


RETAINER 


ZINC 


ZINC 
AIR VOLUME 
BALL-TYPE ALUMINUM CONTROL KNOB 


LOUVER HOUSING AND VALVE 


PARAMOUNT QUALITY... chosen by Shakespeare 
Products for this automotive air conditioner part 


Quality components make quality products. That's why Shakespeare 
Products Company chose Paramount to make the zinc and aluminum 
castings for this air conditioner part for a well-known automobile 
Paramount qua/ity coupled with engineering and production ‘know-how 
are reasons why it will pay you to look to Paramount 


ALUMINUM 
HOUSING 


Investigate Paramount's complete services now 
Three complete plants—two in St. Joseph, Mich., 
one in Seymour, Indiana. 


SEND for “Designing for Die Casting One 


PARAMOUNT 3<e Casting Co. 


{A subsidiary of TALON, INC.) ST. JOSEPH 4, MICHIGAN 
CIRCLE 213 ON READER SERVICE CARD 


NEW! WORM GEAR 


SCREW JACKS 
by JOYCE 


4 


For... 
Pressure and Torque Applications 
Actuating 
Conveyor Adjustments 
Machine Adjustments 
Leveling Systems 
Rese Welding Positioners 
Saaeee. Jigs 
Testing Equipment 


s | 


‘ied 


ss 9 0, OO, eee © 


ths 
~ 


Models, one ton and up. Can be driven by 
motors or manually operated... synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available . .. also 
Stainless steel or hollow screws. 

SEND COUPON FOR FOLDER TODAY! 


0.6.6 82: €:48.8:8.8:8:8,8.8,8,8 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 


NAME 





COMPANY. 





ADDRESS 
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DES'GN LITERATURE........ .continued 


DRAWING AIDS—Catalog B-10-Icc, 32 

pp. Covers over 760 drafting timesavers, 

including matte-surface tapes in 10 colors; 

‘ pattern and special symbol tapes; beam- 

compass penholder; and spaced lettering 
Chart-Pak Inc, Leeds, Mass. 

Circle 368 on Reader Service Card 


PANEL-TYPE AIR FILTERS—Bulletin 
Al, 4 pp. Curves indicate pressure drop 
vs air flow and dust fed in 1 and 2 in. 
thick filters. Typical arrangements are 
diagramed, while table lists capacities 
and resistances. Union Carbide Develop- 


ment Co, 270 Park Ave, New York 17. 
Circle 369 on Reader Service Card > oO e -. 
100-210-HP DIESEL ENGINES—Cata- | 
log BU-718, 8 pp. Contains performance prefo rms 
curves and charts and cutaways of im- 
portant components. Allis-Chalmers Mfg | Silver Copper Aluminum Soft Solders 
Co, Engine-Material Handling Div, Mil- 1. Ged W ee 
waukee 1. ° ‘asted Time In ng 
Circle 370 on Reader Service Card 2 saw & on ee 


PHOTOCOPY MATERIALS — Bulletin | 3. Eliminate Rejects. 

TCP-1, 4 pp. Describes and illustrates 33 4, Meter Solder to Flow In and 
slow contact, standard contact- and pro- Write for 16 page Around Joints. 
jection-speed papers and cloths. Peerless rane ad on better 


Photo Products Inc, Shoreham, LI, NY. 
Circle 371 on Reader Service Card LUCAS-MILHAUPT Engineering Ca. 


DIAZOTYPE REPRODUCTION MA 5056 South Lake Drive, Cudahy, Wisconsin 
AZO’ , . TION - 
TERIALS-—Selector chart, 11 x 17 in. —o — -_ = becom a es cane 
Lists all uses, base materials, image col 
ors, printing speeds, stocks, trade names, 
price ranges, sheet and roll sizes and era 
dicators. Frederick Post Co, 3650 N 
Avondale Ave, Chicago 18. 

Circle 372 on Reader Service Card 


NICKEL-BASE BRAZING ALLOY 

Data sheet 214, 1 p. Offers nominal com 
position, metallurgical and engineering 
properties and application instructions for 


joining stainless steel surfaces with large 
continued on page 91 








40 Amp. Capacity 4 in 7/16” C.C. Siow 
Same As Most 15 Amp. Barrier Strips 


Buchanan has this ... and more. No different snap-fit parts build any 
terminals, no lugs, fewer wiring prob- length Buchanan MD block .. . with 
lems when you use Buchanan sectional more “wanted” features than conven- 
MD pres-SURE-blocks with tubular tional blocks. Strap screw contacts also 
contacts. And, you can group more available. Write now for Bulletin PE-2. 
common wires—equal to 1 #22 thru Tubular contacts listed by 


UL. AS) @R 
1 #8—under a single contact. Just 2 Blocks listed for 600 voits By CSA WY & 
e U. S. Pat. No. 2,922,139 asf 


BUCHANAN ELEC 
BUCH A i sh Mes) PRODUCTS CORPORATION 











HILLSIDE, NEW JERSEY 
In Canada: ESNA CANADA LIMITED, Toronto 16 


| 
| 


“We're watting for you at thelaunching site!” 
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for your REFERENCE LIBRARY 


These combined reprints are on subjects of vital 
importance to every working designer. Each is a 
series of articles selected by the editors of 
PRODUCT ENGINEERING; each is a contribution to the 
state of the art. Each extends the borders of useful, 
practical information well beyond what is generally 


available in standard textbooks. 


Now available: 


Reinforced plastic molded parts $2 
‘Each of the seven basic processes for commercial- 
volume applications of glass-reinforced plastic 
parts. 13 articles, 64 p. 


Lessons in better reading, writing and reporting $1 
The three best-selling series designed as working 
guides to faster reading, better writing and speech- 
making. 24 p. 


Creativity . . . the facts behind the fad $1 
How you measure, test and encourage creative en- 
gineers—with a generous measure of skepticism 
of the usual platitudes. 10 articles, 32 p. 


Human engineering $1.50 
How to meet man-machine interaction problems in 
the development of industrial products. 

16 articles, 40 p. 


The new mathematics $2 
Latest techniques in the systerns engineer's tool kit 
and how to apply them to your own problems. 

19 articles, 64 p. 


Engineering models $2 
The quick and economical way to mock-up or 
prototype your design—short-run clay, wood, 
plastic production. 10 articles, 64 p. 


Rolling-element bearings $2 
Ball, roller and thrust bearings—their selection, 
test and the analysis of why they fail. 

8 articles, 64 p. 


Design with steel $2 
Latest design data for a wide range of steels and 
alloys for high strength and high temperature. 


17 articles, 64 p. 


Patent problems $1.50 
The patent laws both here and abroad and how 
they operate for inventors, corporations, and the 
country as a whole. 19 articles, 48 p. 


Why don’t they research and develop? $1 
A selection of 200 best ideas providing a rich 
source of new-product suggestions. 12 articles, 64 p. 


Plate cam design $1 
Complete design data, curve bending and profile 
synthesis to reduce cam inertia. Simplified cam lay- 
out and tolerancing. 7 articles, 48 p. 


Manual of reliability 50¢ 
How to design for reliability, human factors, statis- 
tical tools used by experts, how to implement the 
program. 12 articles, 32 p. 


Design by digital computer 50¢ 
How to choose and operate desk-size problem 
solvers designed specifically for engineering prob- 
lems. 12 p. 


To order your copy, send remittance and 


order to: 


Reader Service Department 
Product Engineering 

330 West 42 Street 

New York 36, New York 
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DESIGN LITERATURE........ .continued 
clearances. Stainless Processing Div, Wall 
Colmonoy Corp, 19345 John R St, De 
troit 3 

Circle 373 on Reader Service Card 


METAL STAMPINGS-—Bulletin F-185, 8 
pp. Outlines stamping service and gives 
typical prices of blanking, piercing and 
forming 100-piece lots. Discusses and illus- 
trates basic designs including: _ relief 
notches for right-angle bends; piece-part 
redesign; and extruded holes for tapping. 
Dayton Rogers Mfg Co, 2824 13th Ave S, 
Minneapolis 7. 

Circle 374 on Reader Service Card 


ELECTRONIC HOOKUP WIRE-—Bro 
chure DM-S-6014, 12 pp. Supplies speci- 
fications for line of wire with temperature 
ratings from —85 to 500 F and voltage 
ratings from 600 to 3000 v (RMS). Ana- 
conda Wire & Cable Co, Dept EFL, 25 
Broadway, New York 4. 

Circle 375 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 


Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


COOLING EQUIPMENT — Condensed 
catalog, 8 pp. Covers specifications of 
blowers, fans and vaneaxials and discusses 
selection of air movers by rate of airflow 
required, static pressure, types best suited 
to flow and pressure needs and effects of 
operating conditions upon performance. 
Airmover Dept, IMC Magnetics Corp, 
570 Main St, Westbury, LI, NY. 


TOOL STEEL—Catalog, 144 pp. Details 
composition, properties and suggested ap- 
plications for 24 varieties. Includes instruc- 
tions for heat-treating cari steel and com- 
plete stock list. Darwin & Milner Inc, 
2222 Lakeside Ave, Cleveland 14. 


SELF-MANIFOLDING 


chure, 12 pp 


VALVES — Bro 
Contains cutaway and di- 
mensional drawings, application diagrams, 
and flow charts. Capacities, temp ranges 
and electrical specifications of modular- 
design units are outlined. Marotta Valve 
Corp, Boonton Ave, Boonton, NJ. 





FOR MORE CATALOGS 
AND BULLETINS 

. . 1600 of *em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. There you 
will find helpful design literature, 
classified under 10 different head 
ings, from important manufacturers 
and suppliers of components, mate- 
rials, power and local systems, 
manufacturing processes. 














iDDRESS BOX NO. REPLIES TO: Boz No. 
Classified Adv. Div. of this publication. 
Send to office nearest you. 
NEW YORK 36: P. 0. Bow 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISOO 11; 255 California BI. 





POSITION WANTED 


Automation Engineer: electro-mechanical 
under 40 will relocate New England or New 
York State. Broad background in auto- 
mated assembly combining operations and 
processing. Very creative. Presently em- 
ployed in central upper New York State. 
Resume Available. PW-6058, Product Engi- 
neering. 





For 
Information 
About Classified Advertising, 


Contact 
The McGraw-Hill 
Office Nearest You. 


ATLANTA, 9? 


1375 Peachtree St., N. E. 
R. POWELL 


TRinity 5-0523 


BOSTON, 16 


Copley Square COngress 2-1160 
M. J. HOSMER 


CHICAGO, 11 


520 No. Michigan Ave. MOhowk 4-5800 
W. J. HIGGENS 


CLEVELAND, 13 
1164 Illuminating Bldg. SUperior 1-7000 
Ww. B. SULLIVAN 


DALLAS, 2 


1712 Commerce St., Vaughn Bidg. 
Riverside 7-5117 
J. GRANT 


DENVER, 2 
1700 Broadway, Tower Bidg. Alpine 5-2981 
J. PATTEN 


DETROIT, 26 
856 Penobscot Bidg. WOodward 2-1793 
P. HAMMOND 


HOUSTON, 25 

Prudential Bidg., Holcombe Bivd. 

Rm. W-724 JAckson 6-1281 
GENE HOLLAND 


LOS ANGELES, 17 
1125 W. 6th St. HUntley 2-5450 
W. C. GRIES 


NEW YORK, 36 
500 Fifth Ave. OXford 5-5959 
H. T. BUCHANAN - R. P. LAWLESS 
T. W. BENDER 


PHILADELPHIA, 3 
Six Penn Center Plaza LOcust 8-4330 
H. W. BOZARTH - P. PASCHALL 


PITTSBURGH, 22 


4 Gateway Center 
P. PIERCE 


ST. LOUIS, 8 
3615 Olive St. 


SAN FRANCISCO, 11 


255 California St. 
D. GARDNER 


EXpress 1-1314 


JEfferson 5-4867 


DOugles 2-4600 
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Employment Opportunities 


AT UNIVAC... 


CAREER 
OPPORTUNITIES IN 


MANUFACTURING 
ENGINEERING 


There is an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportuni- 
ties for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 


You are invited to investigate the 
opportunities now available at Univac. 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include: 


PRODUCTION RESEARCH ENGINEERS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement. 


ELECTRICAL ENGINEERS 


Electrical Engineers are needed for Quality 
Control Engineering. Work involves the rigid 
standards of ultrareliability as required in 
superior data processing equipment. These 
positions include the initiation and evaluation 
of test and inspection procedures for manu- 
facturing processes. 


PRODUCTION ENGINEERS 


Electrical, Mechanical or Industrial Engineers 
are needed to plan automated processes, 
methods and tooling for the world’s most re- 
liable-computers. These positions require the 
utilization of imagination and creativity in 
production. 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
control techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 


R. K. PATTERSON 
Department BB-2 


Hnivac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh Street, St. Paul 16, Minnesota 
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finest engines 
in the 
2 to 5 hp. class 


Specify a power plant that matches 
the quality you’ve built into your 
portable equipment. West Bend’s air- 
cooled, 2-cycle engines are carefully 
engineered and thoroughly tested to 
provide top performance and cus- 
tomer satisfaction. A wide range of 
factory tested optional equipment 
lets you tailor the engine to your 
exact needs. 


Forged steel 


crankshaft 


Carburized and hard- 
ened. Bearing and 
seal surfaces are 
Precision ground 

and super- 

finished. 


Anti-friction 
bearings 


Crankshaft has ball —~ ae on 
drive end; roller bearin 
magneto end. Rod ha has roller 
bearings at both ends. 


SPECIFICATIONS 


TYPE Horizontal or vertical mounting; 
air-cooled; 2-cycle, clockwise or counter- 
clockwise rotation (at drive end). 
MODELS 

SERIES 390 Displacement 3.9 cu. in, 
Rated horsepower 1.6 at 4000 rpm. 
SERIES 580 Displacement 5.8 cu. in. 
Rated horsepower 4.0 at 4500 rpm. 
SERIES 700 Displacement 7.0 cu. in. 
Rated horsepower 5.0 at 4500 rpm. 
IGNITION Wico flywheel type magneto. 
FUEL SYSTEM Float feed carburetor is 
standard; diaphragm type carburetor 
with integral fuel pump is optional. 
VALVES Reed type; corrosion resistant. 


FOR MORE INFORMATION 


Write for colorful illustrated catalog 


on West Bend’s complete line of Power 


Bee engines. 


Ask about the test en- 


gine program. 


WEST BEND ALUMINUM CO. 


Dept. 1441, Hartford, Wisconsin 
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INDEX TO 
ADVERTISERS 


This indez is published as a convenience to the readers 


Buery care is taken to make it accurate but 


PRODUCT ENGINEERING assumes no responsibility for errors or omissions 


A 
AMP, Inc. 
A. P. M. Corp 
Acme Electric Corp 
nerequle Corp. 
Air Marine Motors, 
Allen-Bradley Co. 
Anchor Coupling Co., 


Bead Chain Mfg. 
Bootz Mfg. Co., Inc 
Buchanan Electrical Products Corp.. 
Cc 
Calumet & Hecia, Inc., 
Tube Div. 
Camloc Fastener Corp 


Wolverine 


Dixon Corp. 

Dow Corning Corp 

du Pont de Nemours & Co., 
E. |., Film Dept 


Eastman Chemical Products, 
Plastics Div. 

Elastic Stop Nut Corp. of America. 

Emcor Ingersoll oenegiag Div., , Borg- 
Warner Corp. 


Inc., 
4 


Fairbanks Co. 

Fiuid Controls, 

Fulton Syliphon Div., Robertshaw- 
Fulton Controls Co 


Gast Mf 
General 
Div. 
Goshen Rubber Co., 
Gries Reproducer Corp 


niline < Film Corp., Ozalid 


Halogen Insulator & Seal Corp 

Hamilton Institute, Alexander 

Hamilton Mfg. Co., Drafting Equip- 
ment Div. 

Hartwell Corp. 

Haydon Co., A. W. 


85 
Hyatt Bearings Div., General Motors 
26-27 


1. B. M. Data Processing Div 
International Nickel Co., Inc 


Joyce-Cridiand Co. 


Kaydon Engineering Corp 
L 


LaSalle Steel Co 
Lead Industries Association ; 
— High Frequency Laboratories, 


In 
Link. Belt Co. 
Lucas-Milhaupt Engineering Co 
M 
McGraw-Hill Book Co., 
Madison-Kipp Corp 
— eed: Div. ‘of Bell & Gossett 


N 
National Tube Div., U. S. Steel Corp. 
New Departure Div., General Motors 


Paramount Die Casting Co. 
Pittsburgh Plate Glass Co., 
Giass Div. 


Fiber 


Reed Instrument Bearing 
SKF Industries, inc 

Rockford Clutch Div., 
Corp. 
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that’s the word that best describes Wolverine 


Tube’s finned tube product line and customer services. 


For example, illustrated here are seven different types of Wolverine 
Trufin®—the integrally finned tube. Included are both low-finned and 
high-finned types for such applications as shell and tube units, water 


heaters and boilers and air cooled heat transfer requirements 


Wolverine Tube has manufactured integrally finned tube much longer 
than any other company in the industry; thus, Wolverine customers have 
a reliable and readily available source for finned tube literature, informa- 
NEED HEAT TRANSFER HELP? Wolverine 
tion and technical heat transfer consultation and guidance. ‘ 2 ‘ 
: Tube’s Field Engineering Service—a staff 


So, to completely consider finned tube, its comparative values, per- of competent, highly trained tubing tech 
; nicians—is ready at all times to help you 
formance ratios and to find the finned tube best suited to your needs, 

solve heat transfer problems concerning 


turn to Wolverine. For complete information write, wire, call or... tubing. All vou have to do is ask—there 


Ask Your Wolverine Tube Salesman . HE Knows! is no obligatic: 
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Sign manufactured by Triple A Neon Co., North Hollywood, Calif., for Eastman Kodak Company offices in Whittier, Calif. Background and letters 


made from sheet extruded by Jet Specialties Co., Inc., Los Angeles 63, Calif., 


TENITE 


BUTYRAT E& 


an Eastman plastic 
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from a special weather-resistant formulation of Tenite Butyrate plastic. 


Internally lighted outdoor signs of Tenite Butyrate plastic 
sheet identify leading companies forcefully... tastefully... 
round-the-clock. 

Unlike signs whose impact fades with the dusk or the 
dawn, signs of Butyrate are strikingly effective 24 hours a 
day, even in highly competitive locations. 

Handsome outdoor signs are but one of many roles that 
Tenite Butyrate plays on the modern scene. You'll find this 
versatile Eastman plastic used for auto steering wheels, 
boat letters, fish lures, handles for garden tools, decorative 
architectural panels, underground pipe, and thousands of 
other products. If yor product could use the benefits of a 
tough, colorful, weather-durable plastic material—either 
clear or colored transparent, translucent, or opaque—send 
for more information on the outstanding properties of Tenite 
Butyrate. Write EASTMAN CHEMICAL PRODUCTS, INC., sub- 
sidiary of Eastman Kodak Company, KINGSPORT, TENN 


























